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if 

Plates I A-C 

ABSTRACT. Equi -intensity lines around the (40.0), (22.0) and (40.2) reciprocal 
lattice points of benzil in the different reciprocal lattice planes have been drawn ftom the 
measurements of the intensity distribution in the different extra spots observed in the 
Lane photographs of benzil The shapes of the equi-intensily surfaces have been discussed 
in the light of the thermal theories. The obseved surfaces agree with the results of the 
thermal theories. 


INTRODUCTION 

In previous communications, Lonsdale and Smith (1951), Banerjee, Sen 
and Khan (1945) and Sen (1947) reported a number of interesting results of 
the measurements of the positions of the extra spots and streaks in the 
Laue photographs of benzil. For a proper understanding of how far these 
extra spots of benzil conform to thermal diffuse-scattering it is necessary that 
the scattering domains around the reciprocal lattice points are mapped from 
a study of these extra reflections. Such mappings were first carried out by 
Laval (1939) who drew iso-diffusion lines or lines drawn through points 
having equal diffuse scattering power around the reciprocal lattice points of 
sylvine. Since then the scattering domains round the reciprocal lattice 
points of a number of crystals, mostly cubic, have been studied. Since benzil 
is a noncubic molecular crystal, its investigation is expected to be very 
interesting. For determining the intensity distributions in the extra spots, 
ionisation methods have been universally used by the earlier investigators. 
Since a photographic method has its obvious advantages such a method has 
been developed in the present investigation. The mapping of equi-intensity 
lines around the the reciprocal lattice points of benzil and discussing their 
shapes and forms in the light of the thermal theories of the origin of the 
extra reflections have been aimed at in this paper. 


* Communicated by Prof. K. Banerjee 
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EXPERIMENTS 

(n). A small crystal of benzil was mounted on the axis of a cylindrical 
camera with the Loo.i] axis coinciding with the axis of the camera. Unfiltered 
X-rays, from a North American Philips X-ray diffraction unit with copper 
anticathode at a voltage of 45 K. V. and 15 ina, after being collimated through 
a 7 cm. long slit with a cylindrical hole of about .5 mm. diameter at the 
narrow part, was incident on the crystal normal to the axis of the camera. 
Stationary crystal photographs were then taken with the X-ray beam making 
various angles with the fio.o] axis. In each of these photographs a number 
of aluminium powder diffraction lines, arising out of diffiaction of X-rays 
by a small amount of aluminium powder dusted on the crystal, were also 
recorded. These photographs are shown in Plates I, A-C. The whole 
series could not be completed with one crystal but two crystals were actually 
used. Same type of film and same conditions of development were used for 
all the photographs. The Lane photographs consisted of the usual Laue 
spots, corresponding to the diffiaction of general X-radiations by the crystal 
lattice, the diffuse spots and the weak streak between these diffuse spots and 
comparison lines from aluminium powder. The indices of the planes giving 
rise to the diffuse spots were determined in the manner indicated in the 
previous communication by the present author (Sen, 1947). 

(6) Intensity measurements. The intensity distribution in the diffuse 
spots and streaks were measured with the help of a Moll recording micropholo- 
nietei. For spots lying on the equatorial line, the photographs were mounted 
on the carriage of the photometer in such a manner as to allow the scanning 
spot of light (width .02 mm. and height .5 mm) to traverse through the spots 
along the equatorial line when the carriage is driven by the motor of the 
instrument. In the same traversal two aluminium powder lines were also 
traversed along with the spots. For spots lying above or below the equatorial 
line, a traversal was given through the spots and aluminium lines parallel 
to the equatorial line at a height corresponding to the different layer lines to 
which the spots belong. Similarly for the weak streak connecting the (40.0) 
diffuse spot with the (40.2) diffuse spot traversals parallel to the equatorial 
lines at heights of 1 mm., 2 nun., 3 nun., etc. were given. The potometrie 
curve obtained from each of these traversals gives the galvanometer deflections 
agamst distances traversed. From these curves we have to obtain intensity 
versus crystal orientation euives. The ordinates of the recorded photometric 
curves were therefore converted into intensity on an arbitrary scale by 
comparing them with the deflections of photometric curve of a calibration 
wedge obtained by the method of Robinson (1933). The abscissa of the 
photometric curves were converted into the corresponding angles of 
diffraction with the help of the observed distance between the peaks 
corresponding to the aluminium lines whose angles of diffractions are already 
known. Thus from the photometric records, the intensity (in an Srbitrary 
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Laue photograph* with incident beam naking angles : f,\ 20 30'. b 216'. c 2218 and 0/) 2248' with 

[10.0] axis. [00 1] axis vertical. 
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scale) -angle of diffraction curves for the different spots and streaks observed 
in different photographs were computed. 

In the different photographs the total intensity of the incident beam 
was not the same. The intensities of the diffuse scattering measured from 
the different photographs were brought to the same scale with the help 
of the ratios of the peak intensities of a particular aluminium line observed 
in the different photographs. The phologniphjtaken with the incident beam 
making 4°0 / with the [xo.o] direction was ‘taken as the standard and the 
maximum intensity in the (40. oj diffuse spot of this photograph was taken 
as 10. The relative intensities of the diffuse spots observed in all the 
photographs were then computed in the manned indicated above. For bringing 
to the same scale the photographs taken \vith|d iff event cystals, photograph in 
one identical position of each of the eiystalsfwas taken. The orientation in 
which the incident beam makes an angle of 4*6' with [100] direction was 
taken as the standard 01 ientution . By comparing the intensity distribution 
ol the same diffuse spot (40.2) in these two photographs the ratio for the 
conversion of the intensity of the one set to that corresponding to the other 
was der mined. These intensity curves in arbitrary scale are shown in 
figmcs 1*2,3 and 4. 



46 50 5 4 50 54 5° 51 5° ^4 

Angle of diffraction ill degrees 

a h t d 


Fig. 1 

Intensity distribution curve for the (40.1 •) extra reflection observed m the photographs 
taken with the incident beam making (a) ^ n is' -h2°3<V), (b) 3*6' ( 0 , +1*4^). 

(r) 3 0 24' < 0 , + i°So'), and (d) 4*6' (0 , +0*48') with [ 10 0 | axis, h corresponds to 

the bane reflections fiom the plane (40.0) 

Representation on the reciprocal lattice. The reciprocal lattice of 
benzil (figure 5) was constructed as usual. By taking a vector OC of length 
1 /A, where A is the wave-length of the radiation used (CuK*== 1.54 A), in 
the reciprocal lattice parallel to the incident ray such that its extremity 
coincides with the origin O of the reciprocal lattice and another vector CP 
equally of length i/A parallel to the diffuse ray, one finds that the vector OP 
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46 50 54 50 5-1 50 54 

Angle of diffraction in degrees 
a b c 

Fig. 2 

Intensity distribution curve for the (40.0) extra reflection observed in the photographs 
taken with the incident b< am making (a) 6* (0.-0B — 1*1/) , (b) 6 p 2o'(0 { =0b —1*26') and 
(c) 6*48' ( 0 t ~ 0 B — 1 “54') with [ 30.0 J axis. L represents the Laue reflection from the (40.0) 
plane. 



40 44 40 44 40 44 40 44 

Angle of diffractions in degrees 

a bed 

Fig. 3 

Intensity distribution curve for the (22.0) extra reflection observed in the photographs 
taken with the incident beam making (a) 2o°3o' (6, =#n 0*56'). ( — bl 2J°6 / ( 0 , -#b — o°ao'), 
(c) 220*18' (fl.ss-flB *fo°52') and ((f) 22*48' (0~0n *ft°23') with [10.0] axis. L represents the 
Laue reflection from (22 o) plane, A 1 represents the aluminium (200) diffraction line. 





46 5 ° 54 5 ° 54 5 ° 54 50 54 50 54 

Angle of diffraction in degrees 

a b c d e 

Fig. 4 

Intensity distribution curve for the (40.2) extra reflection observed in the photographs with the 
Incident beam making ( 4 ) 0*50', (b) 1*24' (c) 2*iS\ (d) 4 "6' and 10) 5*10' with [10.0! axis, h represents 
the Laue reflection from (40.2) plane. 
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FlG. 5 

A section of the icciprocnl lattice of bemil normal to | oo i ) axis, which is also the b : > 
reciprocal lattice axis. — reciprocal lattice axes ..crystal lattice axes 1\ Q. R. are the poles 
corresponding to angles of diffraction 49°, 50° and 51 0 respectively 

(figure 5) is the reciprocal lattice vector responsible for the diffusion in the 
direction under consideration. The vector OP is called the vector of 
diffusion ’ and P is is the ‘pole of diffusion’. The selective Bragg reflection 
takes place when the pole of diffusion P coincides with any node fit. A 
section of the reciprocal lattice of benzil normal to the [00. 1] axis and the 
corresponding crystal lattice is show r n in figure 5. In order to diaw equi- 
scattering surfaces It.e, surfaces having equal intensity of scattering;, the 
‘poles of diffusion’, corresponding to the different points of observations in 
the diffuse spots, were plotted in the reciprocal lattice. From the considera- 
tions laid down above it is clear that the plotting of the poles of diffusion 
is carried on by drawing a circle of radius i/A with centre C through the 
origin O (CO being the direction of the incident X-ray beam) and then 
drawing another line CP making with CO , the observed angle of diffusion 
corresponding to a point in the diffuse spot, when the point /*, where C P 
meets the circle, gives the ‘pole' corresponding to the point of observation 
considered. Some of the ‘poles of diffusion’, corresponding to different 
points in the (40.0) diffuse spot observed in the photograph with the incident 
beam making 4 C 6 / with [10.0] axis, are shown in figure 5. At the various 
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poles of diffusion ‘thus plotted, the values of the relative intensities observed 
at the corresponding points of the relative intensity curves, were then noted. 
It must he noted here that relative intensity values are the values obtained 
by subtracting the intensity of the background from the total intensity 
observed at those points. Again, since the same scauuing spot of light was 
used for the photometry of all the spots, the solid angle over which the 
observation is made is different for the different spots. For if ds be the area 
of the scanning spot of light used in potometry and d.\/ 11 be the radius of the 
camera used, then ds/ R' is the solid angle over which the intensity has been 
measured in the case of spots lying on the equatorial line, whereas for the 
spots lying above 01 below the equatorial line this solid angle is 

ch eosji _ ds cos n , v j iere „ j s vertical angular coordinate corres- 
1 A* /cos n)~ K 

ponding to the layer lines to which the spot belongs. The intensities 
of the spots lying on different laj or lines above or below the equatorial 



n«]ui-inlenMtv lines Around the (.|o.n) and L2.0) leciprocal lattice points in the plane 
normal to t lie* axis. 




Fig. 7 

(u) Kquhintcnsity lines around the ^0.2) reciprocal lattice point in the plane per- 
pendicular to the [00.1] axis. 

(b) Equi-intensity lines around (40.0) recipiocal lattice point in the h 2 *>3 plane 
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line were, therefore, divided by the factoi cos V in order to convert it to 
the intensities corresponding to the solid angle of observation used in the 
intensity measurement for the spots on the equatorial line. Lor the < 10.2) 
spot the relative intensity values corrected in the above mannei were plotted 
in the reciprocal lattice. Lines were then drawn through points having 
equal values of the relative intensities plotted. Thus equiscattei ing 
SUt faces around the different reciprocal lattice points weie obtained. In 
figure 0 are shown the sections of the cqui-scattering surfaces around the 
(40.0) and ( 22.0) reciprocal 1 ittiee points by a plane normal to the [00. 1 | 
axis. A section of the scattering domain mound the hjo.o) reciprocal lattice 
point by the b 2 b,i leciprocal lattice plant is shown in figure 7. 


DISCISSION 01- u t? S r L T S 


The shapes of the equi-seattcring lines in the plane parallel to />,L. 
around the leciprocal lattice ]>oints (40.0), and are more or less 

ollipticul with the major axis along the normal to the reciprocal lattice vector 
This indicates that the amplitudes of vibration due to the tiansveise waves 
are much largei than those due to the longitudinal waves. In the ease of 
NaCl, KCL A1 also it lias been observed that the thermal diffuse scattering 
due to transverse waves are more intense than that due to longitudinal 
waves. Again, the stiong regions of cqui- scattering lines around the 
reciprocal lattice points in the plane normal to [00. ij axis are more or less 
symmeti ical about the reciprocal lattice vector and its normal . The section 
of the cqui-scattering surface mound the (jo.o) reciprocal lattice point by 

the bjh., plane shows that the strong scattering regions me more or less 

elliptical in shape but they are not symmetrical about the b ti axis and 
plane. These features of the scattering domains around the reciprocal 
lattice points can he qualitatively explained on the thermal theories of 
diffuse scattering (Born, iq ( 2-43, Ziichariasen, iopq. According to these 
theories, the intensity of scattering / , corresponding to a point near the 
reciptocal lattice points is given by the relation, 

/ , = I e NKT. F*.dUj)/m , 


where 


1 , = /.i 


c 


(jM cos'*’ </>) 

o 


— Thomson factor. 


N = no. of cells in the crystal 
K = Boltzmann constant 
T = Temperature 

m — 'Snijk where uu is the mass of the kth atom of the cell 
77 = Crystal structure factor of the plane in question 
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d(q) = '2<Dap i {<}Ul/3 < ' >i> 

D„p - ] (q) = adj a p D (q) /det D(q) 
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q is the vector joining the reciprocal lattice point to the point of observation. 
q a <h) , qfi (! ' } are the components of the reciprocal lattice vector along and 
normal to the 6, axis. 

C u p are the elastic constants, p is the density. 

For hexagonal crystals of D s class to which the present crystal belongs, the 


deterinina 

nt pD 
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pH iAq) — (■ 11 Qi 2 + C 66^2 2 + C 44 q s 2 4 - 2C l4 q 2 q 3 ! 

pD u 2 (q ) = C^q x + C x x q 2 2 + C 4 4 q 3 2 " 2C l4 q 2 q 3 
pD^(q) *= C 44 {Qi 2 + q 2 2 ) + C 33 q 3 * 
pD 2 a(q) zs C u (q* — q 2 2 ) + (C la + C 4A )q 2 q 3 
pDai(q) ■* (C 4 4 + C ia )q 3 q x 4 - 2 C l4 q x q 2 
pD l2 (q) sst 2C u q a q l 4 - (C ja 4 - C 33 )q x q 2 ' 
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For (ho. o) planes, for points lying: in the plane normal to [oo.i] axis and 
along the normal tothe reciprocal lattice vector, gj = o, x = o and q = q 2 , then 
equation (i) reduces to, 

P»u(q)=C t .q*, pD 22 (q)^C, x q\ Pp»(q) = C AA q* 

pD. 23 (q )= - C 14 <r, pD 31 (q) = o, pD^ 2 ft2)=o 

del D(q) — t oe(^ 44 ) 

) 

and adjD tl (q) = %. (C C' lt *) y 
P • 

••• . i. 

C fltf t 

For the (40 o) reciprocal point, therefore, 

d{q) — Dl[\(q)q (h>1t 

p \ _ 

q 2 

where, g r/t) is equal to the recipiocal lattice vector and q is the distance of 
the point of observation, lying on the normal to q (h \ from the reciprocal lattice 
point. It is observed, therefore, that since q 2 is involved in the expression 
for the intensity, the intensity will be practically the same so long as 

q remains the same in magnitude no matter whether the point of observation 
lies on one side or the other. It must be mentioned here, however, that 
the intesity will vary very slightly for the very small difference in the 
corresponding angles of diffraction. Similarly it can be shown that for all 
points lying on the plane normal to [00. 1 axis] the intensity depends on 
q 2 y that is to say the intensity depends on the magnitude of q and not on its 
sign except for the small difference in angle of diffraction. Thus it is found 
that according to the thermal theories, ihe section of the scattering surface 
around (40.0) by the plane will be practically symmetrical about b t 

axis and the normal to it. This is in agreement with the observations. 

Again, for points lying in the b J > 3 plane but not falling on b 2 or b 3 

none of the values of q l$ q 2 and q 3 are zero, so in this case, the expressions 

for D tl (q), D 22 (q), D 33 (q) etc., will be those given by equation (1). For the 
b 2 b 3 plane through {40 o) reciprocal lattice point, the expression for d(q ) is 
given by, d(q)~D^\tq)q (h)2 , since q 2 (h) and q a (h) are zero. 

n _ , . _ D 2 2 iq)D s3 (< ] ) ~ 

D " (q} ~ det V(J, 

3— i83aP— 1 
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(Mq)— qfV 

del D(q) 

Now, in the expression for D 22 (q) there is a term-2C l4 q 2 q 3 . Hence 
7 ) 22 (<?) vvill have different values for the positive and negative values of q 3 
having the same magnitude. So d(q) and consequently the intensity of 
scattering corresponding to points in b.. b :i plane at equal distances from the 
(40.0) reciprocal lattice point on the two sides of the by b 2 plane will have 
different values. The scattering surface will not therefore be symmetrical 
about the by b 2 plane. The present observations are therefore quite in 
agieement with the theory. Quantitative comparison cannot be carried on 
as the elastic constants are not known However, from the above considera- 
tions it is clear that so far as the strong diffuse scatterings are concerned 
the intensity distribution is in general agreement with the thermal theories. 
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Plate II t 

t- 

ABSTRACT. lty means of the medium quart/, spectrograph and a 20 KVA transformer 
the spectral lines of phosph »rus contained in steel! were photopi aphed and its contents 
evaluated. The accuracy was fairly good. It is suggested that the inaccurate ones were 
due to segregation 

1 N T R O I) U 0 TION 

The spectro-ehemical determination of phosphorus in both ferrous and 
non-ferrous alloys have been found to be extremely difficult. The spectrum 
of the element does not consist of many bright lines. The few tolerably 
bright lines it has, lie in the range 4500 — 5000 A which is not suitable for 
spectro-ehemical analysis. Moreover, the amounts of phosphorus found in 
these alloys generally being very small, the ordinary method of excitation 
is rather inadequate to briug out the IMities in the presence of the more 
excitable elements contained in the alloys also in much larger percentages. 
The arc method of excitation has, therefore, been tried for the spcctro- 
cliemical determination of phosphorus, (c-g. Norman and Johnson, 1945). 
Since 1947, we have also been trying the above method of excitation for 
this work. But with the large quartz •pectrograph the P-lines for samples 
containing 0.03 % or less of phosphorus appear hardly on the plate even 
with fairly long exposures, the current being about 8 amp. As has been 
shown by Mazumder and Ghosh (1948), the medium quartz spectrograph 
can be used for spectro chemical analysis of the ferrous alloys as suitable 
lines for intensity determinations of all the elements excepting carbon 
contained in these alloys, can be found in the low wave length range where 
the dispersion is not very poor. In Plate II, it will be seen that the phos- 
phorus line 2136. 20A is clearly separated from the interferring copper line 
2135. 98. A. With this apparatus the Pline 2136.20A can be photographed 
for samples containing as low a percentage as 0.020, the arc current being 
only 2 or 3 amp. Though the general proportionality of intensities with 
percentages can always be found the consistencies are rather poor. The 
standardisation of the arc conditions and keeping them constant are 
extremely tedious. But by giving 4 or 5 exposures with each sample using 
freshly ground surface for each exposure and by averaging the readings 
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iairly good curves can be obtained (figure i). This Is too much time 
absorbing and cannot be adopted for routine work. These difficulties arise 



.02 .04 .c6 08 

Fig. 1 

Percentage of phosphorus 


out of the fact that the intensity of the P-line is very poor. To obviate 
these troubles the direct method of intensity measurement by placing a G-M 
counter (or a photocell) on the focal plane of the spectrograph, has been 
adopted in some laboratories for the spectro-chemical determination of 
phosphorus. This method has been specially developed in the laboratory 
of the Ford Motor Company and adopted for the routine analysis of P in 
steel, (Bryan and Nahstall 1949). It has been corroborated by Hans (1950). 
We have been trying for some time past to have the attachment necessary 
for holding the counters in the plaue of the photographic plate and for 
accurately adjusting its position by some reliable firm but have not yet been 
successful. On the contrary, we have been informed that M/s. Ford 
Company have given up this method of phosphorus determination and have 
adopted the colorimetric technique which has been found to be simple and 
rapid. 

Their equipment, is, however still being used for ^phosphorus deter- 
mination in relation to experimental foundary work*. M/s. Applied 
Research Laboratory also now claim that phosphorus in steel can be 
determined by their quantometer, another direct intensity measuring spectro- 
graph but using photo-tubes instead of G-M counter. They have made a 
very special study of the phosphorus determinations by the quantometer 
in collaboration with the British Cast Iron Research Association and claim 
to have achieved highly satisfactory results. We have made fairly wide 
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enquiries but have failed to find any place where the quantometer has been 
put to regular routine work for the phosphorus estimation. It seems still 
to be in the research stage. It is apparent that considerable attention has 
been paid to improving the means ot observation and very little attempt has 
been made to excite the P-lines more strongly |o as to make the observation 
easier. The direct intensity measurement ly O-M counter or photo tube 
cannot yield correct results if the intensity of the phosphorus lines are 
not appreciable. More powerful method of ijjxciting the spectrum should, 
therefore, be adopted if phosphorus in steel B to be successfully determined 
by spectrograph. With this end in view we have a 20 KVA transformer 
made which gives one ampere current in the secondary, ft has not, however, 
been possible to arrange to have the secondary voltage and current in steps 
but by introducing inductance in the secompry circuit some variation in 
the sparking power can be effected. With this excitation source together 
with the adoption of the medium quartz. sp< :trograph considerable success 
has been achieved in determining phosphorus sjpectro-ehcmically. 

EXPERIMENTAL 

As soon as we became aware that P-lines could not be easily photo- 
graphed unless a heavy current arc was used for excitation we designed and 
placed an order with M/S Adam Ililger Ltd for a 20 KVA transformer 
mentioned above. Our plan for having intermediate steps in secondary output 
could not, however, be carried out. Two condensers, one of capacity o.ox* 
and the other of 0.0x5 /x F, were placed in parallel with the secondary; two 
inductances with the total value 1.5 MH but having steps, the minimum 
being 0.015 MH, were connected in series with the secondary of the 


\y 


O .02 *04 

Fig. 2 

Percentage of phosphorus 

transformer. With an inductance of 0.03 MH 


.06 

the phosphorus contents 
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were determined fairly accurately even up to o.ot 6 %- figures 2 & 3*) 
Still lower percentages could not be tried as suitable standards were not 
available. It should be mentioned here that nitrogen from a cylinder was 
blown against the spark gap at 2 f, - 4 ff pressure as in the case of carbon 
determination by spectrograph (Mazumder and Ghosh, 1949 )- *kis 


p 

<u 

«*•» 

.5 

DO 



Percentage of phosphorus 



Fig. 4 

Percentage of phosphorus 


means cleaner plates and more consistent results were obtained. Lines 
used were P2136.2& and Fe 2138. 6A. Attempts have also been made 
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to determine Mn and Si contents of the sample from the same spectrograph 
used for phosphorus determination. There have been some initial 
difficulties as the region, where the suitable lines of Mn and Si appear, become 
so dark that the intensity measurement become# impossible. By introducing 
inductance up to i.o MH success has been achieved in this connection 



Fig. 5 

Percentage of manganese 



Fig. 6 

Percentage of silicon 

also (see figures 5 and 6). The phosphorus determination is fairly accurate 
even with high inductance in the circuit (figure 4). 

RESULTS AND DISCUSSION 

In the Table 1, some data are given from which the degree of accuracy 
of the phosphorus determination can be obtained. The reasons for 
inaccuracy of a part of the data are discussed. 

It is seen that most of the determinations are accurate considering 
the smallness of the phosphorus contents. If we now scrutinise the inaccurate 
ones some interesting features will become apparent : 

(1) Consider the samples 10842 (2) and 10842 (5) ; the first two 
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Tabi.k J 



No. of 

1 

Sprctro-eheiiiioal % of P. 



estimations. 

i 



Chemical 

Sample No.* 





% of P. 



Min. 

Max. 

Avg. 


7621 I'orged 

30 

060 

.066 

.063 

.064 

7 <M 3 

12 

.032 

•059 

056 

•054 

7557 

4 

.024 

038 

.030 

•045 

34573 „ 

, 4 

.062 

072 

.063 

.038 

34574 

i 4 

.038 

047 

043 

.030 

345/0 ,, 

1 4 

.015 

.015 

.014 

.015 

17 

6 

.093 

098 

.094 

.094 

655S 

6 

.021 

.036 

.027 

031 

6690 

9 

026 

>031 

.029 

029 

10720 (1) 

M 

.051 

.< 60 

•055 

•055 

10720 (2) 

1 T 3 

• f) 3 l 

.062 

050 

051 

10720 (3) 

T 

038 

.058 


.063 

J( 771 ( j) 

13 

.010 

.021 

Ol8 

016 

10771 (3) 






uiiliardcned 

9 

.018 

.029 

.02 7 

023 

™> 77 i (3) 


l 


i 


hardened 

13 

025 

.040 

.032 

.027 

10842 (1) 

5 

044 

.052 

047 

.044 

10842 (2) ! 

3 

.035 

054 

■053 

•053 

1084^ (3) ! 




1 


imhardeiied 

2 

.064 

.070 

067 

.064 

30842 (3) 






hardened 

2 

.104 

.104 

.104 

.304 

10842 (4) 

4 

022 

026 

025 

.028 

30842 (5) 

2 

026 

027 

027 

.030 


* All these samples were bath samples 


del er urinations are quite different from the chemical ones. The drillings 
for the chemical analysis were taken from one end of the rods and the 
other ends were sparked. On noticing the differences in the estimations 
by the two methods the sparking ends were changed and the results of the 
spectro-chemical analysis became practically equal to the chemical ones. 

(2) Two rods cast with metals taken from the same spoon, one hardened 
by dipping into water and the other air cooled yielded different values of the 
phosphorus contents found either chemically or spectro-clienrically. 

(3) The sample, 34570. yielded the same value for the first four 
determinations but all the subsequent 6 determinations differed considerably 
from the chemical ones, and they have been omitted from the table. 

(4) Ihe samples forged and those cast sometimes yield spectro- 
chemically different results though their chemical determinations are 
equivalent. I his has been noticed in the case of some other elements 
also. 

These observations lead one to the conclusion that segregations are 
rather common in the phosphorus distribution in steel. The chemical 
analysis, it should be remembered* gives more or less average results. In the 
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spectro-clieniical work, however, only particular spots are arced or sparked ; 
the results obtained thereby are far from being the average. 
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ABSOLUTE NEUTRON FLUX FROM A Raa + Be SOURCE * 

By N. K. SAHA and L. KASTUR 1 RANGAN 

Physics Department, University ok Dkuu 
(Received for publication, A ugust rj, iQ5~\ 

ABSTRACT. The absolute flux of neutrons from a (Raa+Be) source has been 
determined by the method of ‘ thermalisation” (Hursrhall, 1952). A large volume of 
MnSOj solutionis activated hv thermalised neutr ms from the Raa + Be source held at the 
centre and the solution artivit\ measured by a specially constructed immersion 3-ray 
counter. The activity of Mn ftl ' v\itli reference to the neutron beam is calibrated with 
the help of an end window 8-rav counter designed for the purpose. Detailed 
corrections for back-scattering, and self absorption of the 3-rays, geometry and 
efficiency o! the end-window cMintei - finite si/e of the source etc. have been applied. 
1 he absolute flux has been determined to be F 0 =j 3.2 x10k neutrons per gram per second 
with a probable erroi of + 2;, y„ Values of F 0 determined by other workers for a similar 
source have been compiled for comparis jii. The approximate value supplied by the 
manufacturer of the neutron-source is 1 3x1^ neutrons per sec. fora 100 mgm Ra + lk 
source of this t$pc and it agrees well with the present determination. 

IN TRODFCTIO N 

The neutron flux from a (Ra + Be) source lias been defined as the number 
of neutrons of all velocities emitted in all directions from the source per 
second per gramme of its radium-content. The knowledge of the absolute 
neutron flux from a permanent neutron source is essential in determining the 
cross section of nuclear reactions produced by the neutrons fioin the souice, 
Measurement of neutron flux is also necessary in determining the cross 
section of reactions in which charged particles interact with nuclei to produce 
neutrons. Various methods exist for the measurement of neutron flux from 
a source. An excellent review of these methods has recently been given by 
Barkchall, Rosen, Taschcs and Williams(io52). If the neutron source is a mono- 
energetic one, the methods of ‘recoil particle’ and ‘the associated particle 
method are considered to be quite accurate. I11 the recoil particle method 
a thiu foil of radiator made of a light material is chosen in which the elastic 
scattering of the last neutrons is practically the only important interaction 
of the neutrons with the nuclei of the material. If the cross section of the 
elastic scattering process is known from separate transmission experiments* the 
flux of the neutrons can be determined by counting the number of recoil 
nuclei from the radiator in a fixed geometry. Any single absorption process, 
such as, (w,ct)-reaction in boron 10 , can also be used likewise. The associated 
particle method is quite simple in principle. Certain nuclear reactions which 
act as sources of deutrons emit a charged particle with each neutron produced 
in the reaction. If the charged particle is sufficiently energetic and also 
4 Communicated by Prof R. C. Mazunider, Tniversitv of Delhi. 
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otherwise suitable to produce ionisation pulses, detection of these would give 
the number of neutrons emitted from the source. For example, the neutrons 
produced from the reaction D a ( d t w) He 3 H Q can be counted by counting 
the He a nuclei produced in the reaction. The method, however, is limited 
in its applicability, as in many neutron sources the angular distribution of 
the associated praticle is not known ; moreover in many cases suitable 
associated particles are not available, and the technique of measuring ionisa- 
tion pulses due to associated particles which are ndt very light is as yet 
undeveloped. Both these methods are are also not vety suitable when the 
neutrons from the soure have got a wide energy speclrutii, since the charged 
particles in the above methods may not be detectable i| they are of very low 
energy. The method of ‘thermalisation’ would be particularly suitable to 
determine neutron flux from a polyenergetie neutroti source such as the 
(Ra-* + Be, 1 neutron source. The neutron source in this method is placed 
in a moderating medium distributed symmetrically about the source. 
A radioactive indicator such as a metal foil (In 116 ; 57 minutes) or a 
substance like Mn ‘’(^.5 hours) as sulphate in solution can be used to detect 
the thermalised neutrons. The volume of the moderator must be so large 
that (1) neutrons of all velocities from the source are thermalised by elastic 
collision with its nuclei and brought within the energy range in which the 
detector is sensitive and (2) 110 neutron escapes out of the system. The 
activity of the detector has to be calibrated in terms of a standard neutron 
source strength, 'the principle of llie method was first given by Amaldi and 
Fermi (1936) and has been used by many workers (Walker, 1945, Neal ct. al, 
1946, Alder and Huber, 1949) with minor variations in the method 
of calibration or the technique of measurement employed. In the present 
work the method of thermal isat ion has been employed with an aqueous 
solution of manganese sulphate using the .2.5 hour Mu‘* r> as detector. 
The ladioactivity produced in 3 Vln pow der by neutron capture is also absolutely 
determined by using a small carefully calibrated end-window counter, which 
instrument, we believe, would be a simple but powerful tool for such 
calibrations if its technique can be perfected. 

For equilibrium activation of a radioactive indicator by a neutron source, 
the rate of neutron capture would be equal to the initial rate of decay of 
the active indicator nuclei and the late of activation would thus be given by 

— f 0 cr ( E) F(J\)dE t 

J Fit 

where Mo = the number of the target nuclei present, FU\)~ the flux of neutrons 
in the energy range E and E + dE, <r (E) is the corresponding neutron capture 
cross section, and the detector is sensitive to the thermal neutrons between 
the threshold energy E, and the upper limit E 0 . If the activity produced 
in the solution is mechanically integrated by thoroughly mixing up the 
solution, the integrated activity /l 0 «const, F 0 would be a direct measure 
of the total neutron flux* If now the solution is surrounded by a uniform 
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layer of an absorber, am! exposed as before to the indicator, some of the 
neutrons will be captured in the absorber and the rest will go to activate 
the indicator. Let this number transmitted through the absorber be F and 
the reduced initial integrated activity of the indicator ^“const. F. Hence 
it follows : 


F 

Fo 



i — JR 1 


F 0 - F 
Fo 



i.e. 


F 0 = 


a 

i -R 


where a denotes the absolute activity of the absorber in the second 
experiment. Thus the required neutron flux F 0 would be obtained by 
measuring the absolute / 3 -activity of the absorber, a, and the ratio R of 
the initial activities of the solution exposed to the source with and without 
the absorber. 


EXPERIMENT AND OBSERVATIONS 

(i; The indicator substance Mn 58 in the form of MnS() 4 was dissolved 
in water (moderator) to make a 10% solution. The solution was kept in a 
cylindrical drum, 30" high, 20" diameter, nearly full. These dimen- 
sions ensure, as some preliminaiy experiments showed, the slowing 
down of all the fast neutrons from a Ra * + Be source to thermal velocities 
within the volume of the solution. The neutron source, kept at the centre 
of the solution, irradiated the solution for 15 hours. After removal of the 

of the source, the solution was thoroughly stirred for mechanical integration 
Anode terminal 

Cathode terminal Filling tube 



Perspex 
Tungsten wire 

Pyrex glass tube 

Copper cathode 

Brass support 
Perspex 

Thin glass blown in window 


Fig. i 

Immersion counter : cathode length 8.5 cm, total 
length ** 57 cm, cathode inner diameter 2.2 cm. 



Absolute Neutron Flux from a Raa-\-Be Source 21 

of its activity. The solution activity was measured by a specially designed 
immersion counter (figure i). Sixteen reliable sets of observations were 
taken and in each case the activity was followed for a period of 4 hours. 
Average of all sets of readings (after subtracting the back-ground) is shown 
in figure 2(a) on a semi-logarithmic plot. An extrapolation of the straight 


M 

6 200 


§ *5® 


Decay time in minutes 

Fig, 2 

Activity of manganess sulphate solution 
(a) Without absorber (h) With Mn-absorber 

Initial activity of (a) = 227 count per min., [b) =214 count per min. 

line to zero time gives the initial activity of ~227 counts per minute. 

(it) The neutron source is covered on all sides by a uniform layer of 




Decay time 
Fig* 3 

Manganese powder activity 
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pure metallic manganese powder (absorber, total weigh t“ 500 gm) and the 
solution exposed to this source for 15 hours. The initial activity of the 
solution, after removal of the source, is determined in an identical fashion 
as above. The initial activity obtained was ^214 cpm, as follows from 
figure 2(b). It will be seen from the plots that the statistical error of the 
observed initial activity is less than 2 %. But the reduction in activity in 
the second case ib) being small, though finite, the probable error of the 
ratio R becomes quite considerable. It was felt, however, that in order to 
obtain belter statistics, an inconviniently large number of observations would 
be necessary, in course of which it would be difficult to maintain constancy 
of counting conditions. Within the limits of the present accuracy therefore 
we obtain R~ 214/227, giving (i ~R)~ 5. <S % with a probable error of 
about 20 %. 

(t/i) For determining a the absolute activity of the absorber, the Mu 
powder in experiment (it) was thoroughly mixed up after removing the source 
and the initial activity of a small sample 'average weight ~ 0.0607 gm./ was 
found by means of a well calibrated end-window counter under well defined 
geometry. Knowing the mass of the sample and the total lnass exposed, 
a is calculated (after correcting for geometry, back scattering, self-absorption 
of the fi - rays etc.) 

The effective aperture of the window of the counter was found out by 
measuring the rate of counting when a collimated /J- ray source was scanned 
across the counter window, both along Hit* two mutually perpendicular 
diameters of the window with the source held normal to the window, and 
the source held against the window-centre at various angles with the counter 
axis. Out of an aperture of 10.4 mm. of the window, about 7.0 mm. was 
found to be effective. Correction experiments for the determination of the 
of the amouut of back scattering of /2-rays from the source holder was 
performed similar to that given by Brutt (194 9) and a correction factor of 0.9 
was obtained. The method given by Aten (1950) was slightly modified for 
the measurement of self-absorption of the /i- rays in the sample layer. A 
correction factor of 1/0.62 was estimated. The usual solid angle and planar 
source corrections were also applied. Absorptions due to the window and 
air gap betweeu the Mu sample and the window were found negligible. 
With an initial activity of 65.3 cpm observed for the sample (figure 3), we obtain 

05.3 c ounts 500 gin. 0.9 477 1 

60 sec. 0.0607 gm. 0.62’ 0.425 x an- * 0.85 

= 7.25 x lo 1 disintegrations per second. 

This gives a total neutron flux 

— ^-57® 1.25 x 10 6 neutrons per sec. 

from the 95 nigm Ra + Be neutron source used, which is equivalent to F 0 = f 3.2 
x 19* neutrons per gm per sec with a probable error of about ± 25 %. 



Absolute Neutron Flux from a Raa + Be Source 


23 


CONCLUSION 

The absolute neutron flux of a 100 mgm (Ra * + Be) source of this type 
has been roughly indicated by the manufacturer of the source to be ~ r .3 
million neutrons/sec. This compares very well with the value determined by 
us. Similar measurements made on the (Ra * + Be) neutron sources by other 
workers arc also available. The values obtained by some of the authors 
are collected below for comparison. 


Author 

Absorber used 

/• U 

(neutrons pur gm/ser) 

Paneth, Gluckauf and J>>leit (193ft) 

Boron 

6.7 X xo 6 

Hadenburg, Kanner (1937) 

? 

6.0 ,, 

Walker (1945) 

Boron 

11 S ,, 

Seidel, Harris (1947) 

Boron 

11.0 ,, 

O'Neal and Scharff-Goldhaber (.1946^ 

Manganese 

6.S , , 

Alder and Huber (1949) 

1 > 

ft 3 »» 

Bracci, Facchini and Germagnoli (1950) 

Indium 

6,0 ,, 


As is well known the (Ra * + He) source cannot be regarded as a very 
permanent neutron source, since its neutron flux is likely to vary slightly 
from source to source depending on factors like: coarseness and packing of 
the grains constituting the source and alterations in these with time. This 
may account for differences in the values observed by various authors. 
Modern improvements in the technique of preparation of natural neutron 
sources may be responsible for the higher values of the flux we have 
obtained. It must be stressed, however, that the estimated accuracy of the 
present value is quite low (certainly not better than ±20%), the main 
uncertainties being the fluctuations observed in the solution activity and 
the low reduction in the activity with absorber screening the neutron source. 
The method of thermalisatiou can therefore be applied only for calibrating 
good secondary neutron sources in a laboratory. 
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STRUCTURE OF TETRAPHENYL ETHYLENE* 

By M. N. DATTA 

Khaira Laboratory or Physics, Uvivhrsity Coi,i.i;i,i; or .Scirnck, Cau'utta 
(Received for publication, June 12, 1952), 

Plate III , 

ABSTRACT. The structure of tetrapbenyl ethylene has been studied in 
the present investigation. The crystal was found tjb belong to holoaxial 
monoclinic system with the axial ratio a : b : c = i.iuj:i: 1.078, 0=68*20. 

The crystal has a high refractive index which is dne to (C— C) atoms which has a high 
absorption band near ultraviolet spectrum. Number of molecules per unit cell has been 
found to lie one which shows that the crystal has neither glide plane nor screw axis. 

INTRODUCTION 

Uptil now tetraphenyl ethylene crystal is not known to have 
any crystallographic data. The present paper reports morphological data, 
different optical properties and a preliminary X-ray investigation with 
the help of fixed film camera. 

It is interesting to determine the structure of tetraphenyl ethylene on 
account of its importance in organic chemistry. This compound consists of 
four phenyl groups and one C = C double bond. It is interesting to 
determine the positions of four phenyl groups around the C = C double bond. 
The valency angles between C=C double bond and four phenyl groups are 
also to be determined. The crystal has also interesting optical properties ; 
these are studied, as they give some information about the atomic arrange- 
ment in the crystal. 

Preparation oj crystal. 

The substance was dissolved in alcohol which was heated till it dissolved 
completely ; then benzene was added. The whole mixture was allowed to 
evaporate slowly, when the crystal of tetraphenyl ethylene was obtained. 

GONIOMKTRIC S T U I) Y 

(i) The crystal shows elongation of the cross section, being of uniform 
or non-uniform width. 

(ii) The elongation may be along c-or b-axis, less likely along o-axts. 

(tit) Apparently the plane perpendicular to the elongation of the 

crystal is a symmetry plane, supported by parallel extinction under 
microscope. 

(tv) The distribution and the angular relation of the face called 

'Communicated by 1’orf. S. N. Bose. 
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originally in goniometry as c suggest a lack of symmetry plane parallel to the 
direction of elongation of the crystal, which is possibly an axis of symmetry. 

Thus a monoclinic holohedral symmetry is obtained. 

( v ) The faces b and d are in the same zone, they cannot constitute the 
form ihko), probably (no). 

( vi ! The so-called a and c faces constitute (i) 2 domes of the type (hoi) 
and (hoi) or (it) (001) and (hoi). 

(vii) Plotting on assumption and using angular relations (no) A (ooi) = 78°. 

no A 110*85° : 001 A 101 -=50°, 001 A 01 1 = 45° 

101 A on —63°, 1 10 A on =47°, the stereogram has been drawn. Ihts has 
the advantage of having simple indices and confirms the symmetry already 
assumed . 

OPTICAL CHARACTERS 

(1) Non-pleochrove characters. 

(2) The crystal, being of monocliuic system, the monoclinic axis is one of 
the principal axes, (Sen, 1946) while the other two, which are at right 
angles to each other, lie in a plane normal to this axis. For the determina- 
tion of the directions of these basal axes, the crystal was mounted on Fedorov 
stage, placed between crossed nicols of a polarising microscope, and the 
crystal was rotated about the direction until the extinction was observed. 
The angle between the direction of the electric vector of the polarised 
light and a crystal edge was measured accurately and hence the directions of 
the principal axes were fixed. For the determination of tiie principal 
refractive indices, the Becke method has been utilised. For this purpose 
the crystal was immersed in a drop of a liquid whose refractive index is 
intermediate between two principal indices of the crystal, and was mouuted on 
the Fedorov stage with the plane containing the two principal directions 
normal to the axis of optical system. The crystal was illuminated by polarised 
light and liquid of higher refractive index was mixed uutil the Becke line just 
disappeared. Then the refractive index of the mixture was measured by 
refractometer. This is the refractive index of the crystal. The refractive 
indices in three principal directions were measured on the Fedorov stage 
(Datta, 1947). They are ; 

ct= 1.690 

0 ° 1-757 
y— 1.762 

(3) Birefreingence is high. 

(4) The crystal is biaxial, optically negative, the optic-axial angle was 
measured in Fedorov stage, as well as by observing interference in convergent 
polarished light ; 3^*46°. 

(5) The crystal possesses a high dispersion, which is chiefly axial. 
The optic-axial plane for red light makes an angle of 7 0 with (001) face, 
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Rotation photographs ot tetraphenvlethylene 


(a) about a-axis, 


{t>) about 4-axis, 


[c) about t-axis. 
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Axes feebly dispersed v > p 

(6) Extinction straight on (ooi) (ioi) inclined on b (oioj, 

(7) The crystallographic axis a makes an angle 13 0 with principal 


axis a. 

Actual face-angle measurement. A single crystal of tetraphenyl 
ethylene was mounted on a goniometer head, and the angles between the 
faces were measured. The following are the measurements 


i34°53' 


57°i 


3) 

>ab 77°42 / ; 


*34V 1 

5I2°22'J 

7 " I2'"i 
>°i 3'J 


234 

31 

237' 
286° 13'. 


be 78° 13' ; 
/ 

cd 49°i 


209°35'] 

L 

\ 

„ , 1 

H)c 68° 20' ; l fee 54 “23' ; 

277 55 J 

’ 323°5J5V 

i75°o' ' 

\ 58°^ 

1 

fae 6 2°i2' ; I >bd 85" 20' ; 
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t I44°i' J 


! • 


From the measurements above as well as from the appearances of faces 
it is found that ( ac ) forms one zone and ( aeda ) forms another zone. 

The stereogram has been drawn- This has the advantage of having simple 
indices and confirms the symmetry already assumed. 

Density measurement . The density of the crystal was measured by 
floatation method, using zinc sulphate solution, and was found to be 
1.057. 

The measurement of 2 V by Fedorov stage The thin section was placed 
in a horizontal position and rotated to extinction about the axis of microscope. 
This angle was plotted in stereograpliic projection. The inner stage was turned 
by successive 5 0 rotations, and at the same time this was determined by 
rotation about the horizontal axis of Fedorov stage. The values are plotted 
in stereographic projection . The curves thus obtained must pass through 
the point of emergence of the optic axis of the crystal, and also through the 
centre of projection. 

Dispersion in monocHnic crystals . Tetraphenyl ethylene crystals show 
dispersion of monoclinic type when examined in convergent polarised light 
under polaiising microscope. The acute bisectrix parallel to b- axis, and 
the obtuse bisectrix and the optic normal lie in the crystallographic plane 
of symmetry. In this case interference figures show crossed dispersion 
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Tetraptieuyl ethylene crystal 
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in the acute bisectrix figure. The red colour fringes are spaced farther 
apart than the blue fringes. This is shown in the figures. Crossed 
dispersion produces in the parallel position similar coloured fringes on 
diagonally opposite sides of the isogyres. In the 45-degree position, the 
fringes border the convex sides of the isogyres and lie on a diagonal line 
passing through the centre of the field. 

X-ray study. The rotation pictures about three crystallographic axes 
were taken. At first the crystal was placed on a goniometer head, with 
(a, c) zone axis or b-axis vertical. I*he rotation picture was taken by using 
Ni-radiation. The axte b is calculated from the relation 

b sin /*- A 

« * _ y . distance from the first layer to zero layer 

where, tan /j. = ^ = , . j ~r ~ - — 

R radius of the camera 

Here, y = 1 .05 cm and R — s-75 cm, 

from which io°ig, and ^ = 9.371 A.U. 

F £? a-axis, tan ^ = .1480 

5.73 


V/ 


Fig. 2 

Stereographic projection 

Hence, — 5 ; and a= 11.36 A.U. 

For c-axis, tan /* = = .1655 

5.73 

Hence, c = 10.10 A U. 

Uhe monoclinic angle which is between a and c is calculated, from 
rotation picture about b-axis 

i 2 - h'a* 2 + /V* a - 2 hla*c* cos /? 

where C~ £ . "here x "-distance of Bragg spot (hoi) from centre of undeviated 
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beam, and a* — * and ^ 


The spot chosen is (10T) ; £ = 

5-73 


.1742 


(a*) — .1452, fr*) = .i033. 


Hence, cos ^=.3677 and /3 = 6S° 20. 

The axial ratio is a : ft : r= 1.213 : 1 : 1.078 
Calculation of number o] molecule bet unit cell. 

The number of molecules per unit cell is calculated from the relation 


N = -£-L- , where p = d ensity; F = volume ~abc sin /3 ; /l = atomic weight 
AAlu 

and Mu — mass of hydrogen atom. 

On substitution of the values, N, the number of molecules per unit cell 
is found to be one. 


CONCLUSION 


The possible conclusions regarding the structure of tetraphenyl 
ethylene are. 

(1) C — C double bond possibly is either along the axis of symmetry or 
in the plane of symmetry. 

(2) The angle between the phenyl groups is 108° which is monoclinic 
ft angle and the valency of C = C double bond is also 108 0 . 

(3) High refractive index is due to (C = C) group which has a strong 
absorption band in near ultra violet region the frequency of the radiation 
nsed is nearly equal to natural frequency of the atoms, given by the 
formula 



(4) The four A positions represent the positions of phenyl groups, the 
reflections are due to axis of symmetry and due to plane of symmetry. 


A' 


& 

<L> 

B 

B 


plane of 


symmetry 


A 


A" 


A'*' 
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ON SPECTRAL CHARACTERISTICS OF OZONISER 
DISCHARGE IN PURE NITROGEN AT 
20 mm. PRESSURE 

By N. APPALANARASIMHAM 
Spkctrosgopic Ivahokatory, Hanaras Hindu University 

( Received for publication , June 74, 1954 
Plates IV A, B 

ABSTRACT. In the ozoniser discharge through nitrogen at 20 mm pressure are excited 
a large number of known band systems involving the following initial electronic levels, 
D 3 2 t, C 3 n 4 , B 3 n ff , Ci m l n M , l , .s' h r l 2t, z t y On,,) and x( x 2 ~) t with relative 

intensities visually estimated, ranging from 100 in the case of second positive to 0.5 for the 
first positive system of bands with 30 for the fourth positive and 20 for the singlet systems. 
Also, the first negative bands of N 2 + are excited with intensity 60 in the above scale. 
Besides, there is evidence of three progressions of new bands which probably involve 
transitions from hitherto unknown electronic singlet levels to the a l U g state. 

It is generally accepted that excitation of a molecule by electron collisions favours 
such excited states for which the inter-nuclear distance is not much different from that 
of the lower state while excitation by collisions with ions or atomic particles favours 
excited states which have greatly altered inter-nuclear distances. From this principle, 
the excitation of the D state (r. = 1.10S) and of B 2 2 t of the first negative bands of N* 
(r f =1.075) can be understood to be due to collisions of normal N2 molecules with high 
speed electrons while that of the singlet electronic levels which involve a big change in the 
inter-nuclear distance (from 1.22 and 1.33 to 1.094, the r 0 in the ground state) is due to 
collisions with particles of atomic masses. The excitation of all these states simultaneously 
in the ozoniser discharge, indicates the significance of this type of discharge. 

The abnormally low intensity of the first positive bands in this type of ozoniser 
discharge is attributed ti deactivation of the initial electronic level B 3 n g% due to collisions 
with atomic particles and a possible radiationless transfer to repulsive states. 

INTR O I) UCTION 

The spectrum of an uncondeused discharge through nitrogen consists 
of the systems of the first and second positive bauds which lie in the regions 
from the near infra-red to about 5000 X and 4900 X to 2820 X respectively 
while the spectrum of a condensed discharge (Fowler and Strutt, 1911) 
contains in addition a single progression of the fourth positive system 
extending from 2900 X to 2250 X. But for this, the spectrum of nitrogen 
does not usually comprise of any strong systems in the quartz ultra-violet 
region. Recently, a number of weak band systems (Gaydon, 1944 ; Rosen and 
Herman, 1951 ; Herman, 1950 ; Janin, 1949, 1950 ; Janin and Crozet, 1948 ; 
Gaydon and Herman, 1946) have beeu discovered in this region of the 
spectrum under different conditions of excitation. In the course of the 
experiments of the spectroscopic studies of an ozoniser discharge through 
nitrogen (Appalanarasiniaham, 1950-51' in relation to the Joshi effect, it was 
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observed that the spectrum consists of the second positive system qnite strong 
in intensity and the fourth positive system weaker than the second positive and 
in addition, a number of weak bands in the ultra-violet region many of which 
are identified with the new singlet systems, the fifth positive and the Kaplan's 
second systems. Besides these, three more groups of bands are obtained 
which could be arranged in progressions probably involving new electronic 
levels. In view of the development of almost all the systems of bands in 
the ozouiser discharge at comparatively high pressure of nitrogen, a detailed 
study of the spectrum has been made. 

EXPERIMENTAL, PROCEDURE 
The o/.oniser used in the present experiments was originally prepared 
for the spectroscopic study of the Joshi effect in nitrogen. The ozoniser 
tube was filled with chemically pure and dry nitrogen at 20 min pressure 
where the negative Joshi effect was found to be maximum at the ‘threshold 
potential’ (780 volts). The preparation of the tube has been described 
in detail in an earlier paper (Appalanarasimham, 1950-51). This ozoniser is 
excited in all the present studies by a transformer working off no volts 
A.C., 50 cycles primary and delivering about 6000 volts in the secondary. 
The spectrum is photographed on small and medium Hilger Quartz spectro- 
graphs. Kodak P 1 200 Super Panchro Press and B 20 process regular plates 
have been used to photograph the respective spectra. Exposures of less 
than 4 hours were enough to record the more intense second positive bands 
on the medium instrument, whereas, the less intense bands in the ultra-violet 
needed exposures of 20 hours or more. The order of the intensities of the 
band systems of nitrogen obtained in the present experiments is roughly 
estimated visually and given in the following table with certain other relevant 
data. For this purpose a value of 100 is chosen for the intensity of the second 
positive system which is the most intense system and relat ive to it, the 
intensities of the other systems are estimated. Generally, the i ntense bands 
in any system are taken for the relative intensity estimation. 

It was easy to identify directly from the spectrograms the bands 
obtained when these belonged to the well known second positive, first 
positive or fourth positive systems of nitrogeu or to the negative bands 
of NJ. The wavelengths of the band heads of all other nitrogen bauds 
were determined in the usual way by measuring the spectrograms and 
calculating the values from the Hartmanu formula. The average discrepancy 
between the mean calculated values and the values given in literature was 
±0.5 A. The bands could thus be definitely identified with the known 
ones. The values given in literature are therefore employed in the discussion. 
In the course of the new classified and unclassified bands, the band head 
data obtained in the present experiments have beeu presented and used, 

observations 

(a) Triplet systems of nitrogen. The most intense of the triplet 
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systems of the nitrogen molecule is the second positive group. Long 
exposures of the ozoniser discharge bring out the fourth positive group and 
also very weak groups of bands belonging to the sequences Av = 3 and 4 
only of the first positive system (figure 1, Plate IV A). 

The excitation of the fourth positive group (excitation potential — 
12.6 e.v.) indicates that the mechanism of excitation approximates to the 
vigorous type as is generally met with in condensed discharges and is probably 
due to electrons of high velocity. Electronic collisions favour transitions 
to states in which the inter-nuclear distance does n<K suffer large changes. 
From this principle, the first negative, N£(r,. = r .075) a$d the fourth positive 
(r^ = 1.108) are to be regarded as being excited by^electrouic collisions in 
these experiments. The weak intensity of the first positive bands is probably 
a case of deactivation (Tawde and Patankar, 1 q |7 > Oaydon, 1944 ) 
the initial level of the first positive system due to Collisions and a possible 
radiationless transfer into a repulsive state. 

(b) Singlet systems of nitrogen . I11 emission, eight systems of short 

progressions of bands are now known which have been obtained under 
different conditions of excitation by different authors, each of them obtaining 
some of these systems selectively depending upon the method of excitation 
employed. The discharge conditions under which the different band systems 
are excited arc briefly as follows : Gaydon (1944) excited five of the band 
systems (P % Q t R , .S‘, T systems) in a hollow cathode discharge through a 
capillary tube of 2 mm bore and 20 cm long and the discharge was maintained 
by an ordinary induction coil with a small condenser and J inch spatk gap. 
A flow of chemically dry and oxygen -free nitrogen was maintained in the 
discharge tube at a few mm pressure of mereurry. Mine. Renee Herman 
(3950) obtained the P, 8 (t' = o, v'- i*), S> T, 0 , «j systems in an ordinary 
discharge at low pressures through a very long tube (25 m). Jan in (1949, 
1950) obtained the P, 8 (v =0 and *>' = 1*) systems in an electrodeless 
discharge of the ozoniser type at low pressure of nitrogen while Janiu 
and Crozet (1948) got the 8 (v' = o and v' = i*) systems in low pressure 
discharges in the presence of rare gases. Thus we see that there is a 
pronounced effect of the discharge conditions in bringing out the different 
systems. We shall now compare the systems excited in the present 
experiments with those described above. In every system only the recorded 
bands in the present experiments are given with the quantum numbers 
(figure 2, Plate IV B). These form the strongest bands in each system. The 
other bands of the systems are either absent or very weak. 

1. P system : 2827 (o,o), 2967 (0,1), 3283 (0,3), 3661 ^0,5) 

2785 (1,1), 2516 (2,0) and 2918 (1,2). 

Of all the bands of the singlet systems excited in the present experiments 
the 2827 (0,0) band of this system is the strongest. This band is in fact 

* This is the same as Gaydon’s Q progression. 
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stronger than the 2819 (3,0) band of the second positive system (see figure a). 
Some of the bands of this system are superposed by the rotational lines 
of the second positive bands. Gaydon obtained only the (0,0), (0,1) and 
(0,2) bands of the progression v'=o while Janin and Crozet (1948) obtained 
two more progressions viz., v'-i and v'= 2 . In the present experiments 
only the stronger of these two progressions is obtained. However, the bands 
at 2662 (1,0) and 2871 >'2, 3) are not present on our plates though they are 
assigned intensity values of (10J and (6) by Janin and Crozet. 

2. Q system : 2746 (0,0), 2S78 (o,t), 3020 (0,2) and 3175 (0,3). 

The ^0,3) band at 3175 X is not included by Gaydon (1944). All the 
four have been observed by Janin 1 1949, 1950) in the luminescence spectrum 
of a silent electric discharge at low pressure of nitrogen. 

3. 8 system .- 2796 (0,0), 2932 (0,1), 3080 h>,2) and 3241 (0,3), 

This progression and the (J progression were grouped into the same 
system by Gaydon and Hetman (1946) who called it 8 system. Janin (1949, 
1950) also obtained both these progressions and tentatively put them into the 
same system- Hut Gaydon got only the Q system in his experiments of a 
mildly condensed discharge through a flowing stream of nitrogen through 
a capillary tube at low pressure. In a joint publication, Gaydon and 
Herman (1946) discussed this point and finally Gaydon put them as belonging 
to two systems in view of the incompatibility of the o» t /a (640 cm '*) with 
the 71 value of about 1.36 obtained from a rotational analysis of the 2746 
(0,0) band. Ju the present experiments, both these systems are xecorded 
with almost equal intensity. I11 view of the rather widely differing discharge 
conditions, the excitation of the <5 system of bauds is probably characteristic 
of the ozoniser discharges of the type used by Janin and us, while it is not 
favoured in the hollow cathode discharges. The other sources favourable 
for the production of these bands are luminescence discharges and discharges 
in the presence of rare gases (Rosen and Herman, 1951). 

In a compilation of the data of the nitrogen band systems made by 
Rosen and Herman (1951) which came to our hand rather late, Herman 
designates the 30S0X baud of the 8 system as the <1,2) band of a system 
whose origin is at 2841 A. = 35188 cm' 1 . This means that the above 
progression of the 8 system is not the v r — o progression but v'—i progression. 
If this is true, there will be strong evidence for regarding the 8 and Q as 
two different systems. A further point in favour of this view consists in the 
fact that Herman considers the two progressions d' = o and of the 8 

system are themselves the v' — ^ and t ,, = 5 progressions lespectively of a 
system whose origin locates the 101456.0 cm -1 electronic level found in 
absorption by Worley (1943). 

4. R system : 2672 (0,0) and 2796 (o, 1). 

I he lo,o) baud at 2672A is present while the band at 2796A is rather 
crowded by two more bands viz., (0,5) of the T system and (0,0) of the 
system and as such its presence is not certain. It may be mentioned here 
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that this system has been obtained only in a hollow cathode discharge by 
Gay don- Further, Gaydon observed the band at 2672 & to be the most 
outstanding of the new bands. But on our plates the (0,0) band at 2827S 
of the P system is probably the strongest of all the bands of the singlet 


systems. 

5. S and T systems : S system : 2397 (0,0), 2497 (o,i), 2603 (0,2) aud 
2718 (0,3). T system : 2282 *0,0), 2372 fo,U, 2467 (0,2), 2570 (0,3' an d 
279610,5). 

Both these systems are equally strong on our plates, I he ,0,2) banc 
of the T system was not observed earlier either by Gaydon or by Herman. 
This band is quite weak on our plates but it is clearly visible. 

6 . 0 System : In addition to these bands, we fifld a weak structure of 
bands at 2358X which is also the strongest band of the system of Herman. 
The other bands of the system are, however, not present. 

O the 1 band systems of nitrogen : Kaplan s second system . 2354 to, op 

2537 (0,2), 2636 (0,4) and 2619 (1,4). 

This system is rather weak and only the above bands are present on the 
plates. These bands are also the strongest bands of this system. 

Fifth positive ( Van det Ziel's,) system : 2412 (1,4), 2586 (1,6) and 2681 (1,7). 

This system is the weakest of all the systems of bands described m these 
studies. The progression r ; = o is not observed at all. In fact, only the 
bands of the progression, v’=i. were observed originally by Van dor Ziel, 
and later Gaydon and Herman (11)46) observed a further weak piogi'-ssion 
which fitted into the v fss o of this system. 

New band systems, probably singlet : In addition to those systems, we 
got a number of other bands some of which are noticeable on Gaydon s 
published spectrograms (Gaydon, 1944) also. Eight of these coulc 
arranged into three progressions as shown below. 
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The vibrational wave number differences in the (t) system agree 
closely with those of the » MI, state via., 1666. 1638, and 1610 cf These 
bands, therefore, locate a new level at ioq 557 cm" 1 of the N 2 molecule. 

The m-oeressions (it) and (in) are represented by only two bands each 

and are therefore less definite. It is, however, to be noted that Jamn (1949) 
also recorded the bands of the fit i) progression. The band at 2839 « 

definitely present in Gaydon ’s spectrogram- The bands at 29 0 is 1 e y 
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to be missed in the structure of strong 2077^ band (2,0) of the second 
positive group. In our experiments the bauds stand out clearly in a plate 
which records the 2977^ second positive band comparatively weakly, whereas, 
usually the band at 2980^ is masked by the structure of the strong second 
positive band at 2977 A. 

The two bauds at 2723 and 2 85 2 X which are tentatively shown to form 
a new progression are not recorded by previous workers. 

Unclassified bands : 

The following bands are also present on our plates. 2417-9, 2424 o, 
2-159.6, 2612,0, 2073.0 and 2907,5 Souu of these viz., 2424.0 and 2459.6 are 
present on Gaydon’s plate. 

SUMMARY AND CONCLUSIONS 

The prominent features of the spectrum excited in the o/.oniser discharge 
through nitrogen at a pressure of 20 nun are the following . 

(1). The first positive system is extremely weak while in the ordinary 
discharges the first positive system is comparable in intensity to the second 
positive system. 

(2) . The fourth positive system is excited. This system is usually excited 
only in condensed and other vigorous types of discharges through nitrogen. 

(3) . Seven systems out of the eight known singlet band systems are 
obtained in emission with the single mode of excitation employed, namely, 
ozoniser dischaige through nitrogen at 20 mm. pressure. Previously these 
systems of bands have been excited under different excitation conditions 
like (a) the electrodeless discharge in the presence of rare gases (b) discharges 
through nitrogen at moderate but controlled pressures (V) hollow cathode 
discharge through nitrogen at low pressures. 

^4 ) . Other systems like the Kaplan’s second system, the fifth positive 
system and several new bands for some of which a classification is proposed, 
are excited only* weakly. 

These features can be understood in the following way. It is generally 
known that the addition of a small amount of oxygen decreases the intensity 
of the first positive bands by deactivation (Tawde and Patankar, 1947 ; 
Gaydon, 1944) due to collisions with oxygen atoms. It is also likely that at 
high pressures collisions with particles of atomic masses may drift the 
molecules into a radiationless transition. In either case, collisions with 
atomic particles are essential. That this happens in the present ozoniser 
discharge through nitrogen is shown also by independent observations 
given below' and elsewhere (Appalanasimham 1952-53). The second observa- 
tion is indicative of the excitation of the nitrogen molecule to high energy 
states, the excitation energy ol the fourth positive bands being 12.6 e.v. thus 
indicating the availability of high energy electrons in the ozoniser discharge. 
The third feature is significant. The molecule in these singlet states has an 
internuclear distance much larger (1.20 to 1,33) than in the ground state 
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The spectrum also records two bands of Nt, first negative system, 'o,o) and (o,il, with a visual intensity of 6o in scale employed. 

In addition to the above, the following lines and band heads due to trace of impurities have been recorded on the long exposure plates, with 
intensities ranging from io to 20 on the above scale. 28S3 A and 2896 A due probably to COt 3°^4 A due to n*l and 2536 A due to Ilg 

The designations of the electronic levels given in column 3 and the data of the r , and r* value* and the sources favourable are takeu from 
Rosen and Herman (1951). 
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(r, = 1.094). Electronic transitions involving relatively large changes in 
internuclear distance are known to be favoured either by atomic collisions 
or by discharges in the presence of rare gases. That in the ozoniser discharge 
employed almost all the singlet levels are excited is thus indicative of the 
appreciable availability for excitation, also of atomic collisions. 
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on the Faithful reproduction of the flat 
TOP OF a pulse in a high fidelity 
PULSE AMPLIFIER* 

By BJMAI„ KRISHNA BHATTACHAfcYYA 

INSTITITTK OK NlHXIiAR PlIYSICS, (;?, DPl'KU CfKCCr.AR Ro\Ii, C\l,('nm 
(Received lor publication, September w, ige.’i 

ABSTRACT. The response of a pulse amplifier to the fat top of a pulse has been 
studied in two different ways. The complicated interactions of the three circuits, c.g., the 
R U C„ grid circuit, RhCk cathode circuit and R» q C»„ screen circuit, have been considered 
The effect of the plate-suppiy decoupling network RnC,i is als<* taken into consideration 
and it is shown that it permits compensation for the flat top distortion due to R„C„ 
combination in the grid. The conditions which ure to be satisfied bv the citcuir 
elements in order to make the sag less pronounced, have been given. The expression 
for the overall transfer function of the amplifier is derived. The output voltage is found 
to be a combination of several exponential terms which arise due to the vaiions 
i esis lance-capacitance networks in the amplifier. 

INTRODUCTION 

Pulse amplifiers are generally studied by considering their steady-state 
phase and frequency responses or by determining the pulse or transient 
response, that is, the shape of the output waveform as a function of time 
for a certain input pulse. When the shape of the input pulse is known, the 
transient response method is generally used. The input pulse may he of 
various shapes, (i) rectangular (if) delta-function (at) triangular, etc. In a 
linear amplifier the response to any of the above pulses completely 
determines the response to any other. 

The subject of analysis in this paper is the reproduction of the flat top of 
a rectangular pulse in a typical pulse amplifier. This is nothing but the 
faithful amplification of the direct current by the amplifier. The nature 
of the response of an amplifier to the flat top of a rectangular pulse is shown 
in figure i. 



*— — k" 

Fig. i 

Reproduction of the flat top of a rectangular pulse 

The amount of non-faithful transmission of the flat top is determined 
by the sag and so the problem is to minimise the sag to have an almost exact 
replica of the input rectangular pulse in the output. 

* Communicated by Prof. M. N. Saha, F. R. S. 
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The basic pulse amplifier stage uses a pentode with resistance-capacitance 
coupling between successive stages as shown in figure 2. A pentode or a 
tetrode with a high gain is generally used due to their low interelectrode 
capacities and low input capacity because of Miller effect. 


Ebb 



Fig. 2 

■Resistance capacitance coupled amplifier 

The transmission of direct current is prevented by the scries R U C u grid 
circuit, the parallel R^C j screen circuit and the RiX\ cathode circuit. An 
exact analysis of the circuit (figure 2) is attempted in this paper in two 
ways considering the interaction of the three circuits. 

In the first process the reduction factors in the overall amplification of 
the pulse amplifier stage due to the effect of voltages developed across the 
parallel Rt, {l C*y screen circuit and R k C k cathode circuit, have been derived 
in a conventional way. These reduction factors are utilised to find out the 
current flowing in the plate and thus the output voltage. 

The second method of analysis takes advantage of the superposition 
principle by means of which the total plate current may be taken to be the 
combination of currents resulting from three voltage sources, (?) the input 
voltage c t/ at the grid, (it) the voltage developed across the screen impedance 
and (Hi) the cathode voltage r* developed across R k ( ' u circuit. Since the 
plate current is now known, the total response of the amplifier may be 
found out. 

F 1 R S T MBTII O D O F ANAL- Y S T S 

When a signal voltage is applied to the control grid of a pentode tube, 
a variation in current results in the screen, plate and cathode. Such currents 
cause a voltage drop in the impedance Z F(f of the screen circuit as well as in 
the impedance Z* of the cathode. The voltages thus developed across the 
two impedances in the screen and cathode reduce the amplified plate current 
of the pentode. Thus the amplification will be diminished by certain 
reduction factors which will now be determined considering the effect of 
voltages across the screen and cathode circuits. 
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The variation in screen current when an alternating voltage is impressed 
between the cathode and grid, will develop an amplified voltage across the 
screen circuit impedance which is assumed to be a parallel combination 
of a resistance R* ff and a condenser CV This amplified voltage is developed 
between screen and cathode and reduces the amplification by affecting the 
plate current. We shall assume that the plate voltage is sufficient 
to make the plate current independent of the plate voltage and so although 
the screen circuit voltage variation affects the plate current, the reverse is 
not true. Then the equivalent screen grid circuit (figure 3) is drawn 
where is the mu-factor of the screen grid relative to tj be control grid. 




(a) Actual screen Circuit 
(Jt>) Equivalent screen circuit 

Fig. 3 


From figure 3 the voltage developed across /-eg is given by 


e*Q — 


_ u c 

, ' Ca Z, g + r. 


(1) 


The voltage developed across Z 8IJ has an effect equivalent to reducing the 
signal voltage from e Q to e f/ + c S gi So the actual amplification in plate 
voltage is reduced by a factor : 

^ e fj jl £•£ L f 1 , * — j -f. ... (2) 

e {J /* * e o 

Substituting from equation (ij. 


r, + Zeg 


Since 


r $ 


Z, 


Zso = 


)£SL 


1 4 - pCegRtg 


( 3 ) 


... ( 4 ) 


6— 1832P — 1 
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where P—j»>, 

we have 



A- p + a 
p + b‘ ' 

where 

Cl^ I ( C. 

and 



(5) 

( 6 ) 


If we consider the effect of scteen circuit only in reducing the amplifica- 
tion, the plate current i ,, will he given by the transform equation. 

Ag m L(c„) ... (7) 

where L denotes the Laplacian operator. 

If the input voltage is the unit step voltage, the step function response 
fit) is the Laplace transform of F(f>), where l'(p) is given by 


F(p)= ' A(j>)=±. 

P p p + b 


leaving out the constant term g,„. 
So 

/(f)- L~ l F(p) = L-' 


p + a 
p' p + h' 


(b r — a)e bt +_a 
b' 


where L 1 denotes the inverse Lapluciau operator. 


( 8 ) 

(9> 



t/#sgC 3g ► 

Fig. 4 

Step.function response of a pulse amplifier when the effect of the screen circuit 
ia only considered. 

f(t) is now plotted as shown in figure 4 assuming the following values of 
the circuit elements : 
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For tube type 6AC7, r, —20000 ■ n -, C„ (/ = 2.5/*/ , = 60000 ,/v 

The slope of /(/) at / = o is given by 


! dfit) 
\ dt 


= a 


/wo 



flu) 


Hence, if the sag in time h is very small so that the graph of equation (9) 
may be assumed to be practically linear in this interval- of time and if 1 per 
cent sag is allowed, we have 


i 1 

I OO l l T g C* R(J 


so, 


r _ looti 
r» 


<II) 


But when the sag is considerable, the fractional sag in time f, is given 
by the equation. 

Fractional sag — ... (12) 

/( o) 

If we substitute from equation (g), the sag is found out to be 


fio)-f(U) _ jb' — a'tj - *2 ) 

fio) b' 


(13) 


Cathode Circuit. The cathode circuit is a parallel R*t * combination 
(figure 2). The amplified signal current flowing through this impedance 
causes a voltage drop across the combination which appears as a voltage 
across the control grid and cathode in addition to the applied signal c 0 . 

lhe voltage present between cathode and grid is e„ - e k , where e k , the 
voltage developed across Z k . 


Now, Z k — R k /i + pR k C t 

The voltage e* is given by 

e t~ Ag m (c „ - e *). Z k 


and so 


e — Agm'Zk 

* x+Ag m Z k ■ 


(l4) 


(T5) 


The output current of the tube is given by 




_ e k _ 


■7 •• (l6j 

Z k 1 + Ag m Z k 

So the cathode circuit has an effect equivalent to reducing the plate current 
and hence amplification by the factor 
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B= A 
I H AgmZ k 


(17) 


Substituting the values of A and Z* from equations (5) and {14) respectively, 
we have 


pA a 

p a b' p 2 + a 0 p + aoc 

p a q / ? k (pAc) l pAd) 

p a b' 1 + pR * C * 


(18) 


where, a= - T 7 - 

•Kit i 
a t = a + <x 

c + d = b' +a + g m /C t 

and cd~ b'<x + ag m /C * 

Thus c and d can be determined from equation (19). 

So the step-function response fit) is the Laplace transfoim of 


(rg) 


Hence 


1 p 2 + a „p + g ot 
p (p-t c.)(p + d) 


= JL. j jl + a o P + 

P ip + c){p + d) 


= a « + 


(a„ - <■ - ~)e - (o, - <f - ~)c-“ 


cd d — 

Equation (20) is now plotted as shown in figure 5. 


(20) 



*/**c K ► 

Fig. 5 

Step-function response of a pu’se amplifier when 
the combined effect of the screen and cathode 
circuits is taken into account. 



V/ 

Fig. 6 

Equivalent plate circuit or the 
pulse amplifier using a 
pentode. 
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The slope of equation (20) at # = o is given by 


45 


d J ( L 

dt 


1 -0 


-tc <■•-*-?) 


If 1 per cent sag is allowed in time t l9 the relation to be 
the circuit components is 


1 = 1 

ioo/j d — c 




satisfied by 

(22) 


When the sag is inaiked, it will be calculated with the help of the equation 

(12). " 

Plate circuit. The equivalent plate circuit of the basic pentode amplifier 

(figure 2) is drawn in figure 6 . 

r p = plate resistance of the pentode. 

C plate-cathode tube capacitance plus stray wiring capacitances. 

R c = coupling resistance. 

C a — coupling condenser. 

R f/ = grid-leak resistance. 

We shall assume that the plate load resistor is small computed to the 
grid leak resistance. The plate-resistance r P ol the pentode is very large 
compared to the load-resistance Rl and in the transmission of the flat top 
of a pulse the reactance of C P is so high that it can be taken to be the 
practical equivalent of an open circuit. If the effect of the voltages developed 
across the screen circuit and the cathode is taken into accunt, the voltage 
across the load resistance may be written as 

E, = G. A. B. e„ ••• ( 23 ) 

where G is a gain factor determined by the tube and circuit constants. 

Since Rl is small compared to R„, the ratio of the output voltage E„ 

and Ei is given by 

Eg p B (I C- „ 

E 1 1 + pR 0 C 


where 


P + P 


(24) 


/?= 


1 


R a C 


0 


E 0 = G. A. e u 


So 
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.Substituting the values of A and B, the step-function response /(<) is 
given by 

= Jl tazi ill t + fla 

p p + ft p + b 1 ip + c)(p + d) 

Breaking the righthand part into partial fiactions, we can write /(f) in 
the following form with the help of a table of inverse L,aplace transforms. 

(a - ( 3 )(cf*~aJi +JF) m (a- b')(a« — g„b' + b' 2 ) y , 

( b 7 — ftj(c — ft)!d — ft) (ft-b'ftc-b'ftd-b') 

+ (a-c)(a*~a,,c+_rf_) , { (a - d)( a^a „ d + d J ) (1l ( 

Cft-c)(b'-c)<d-c) {ft-d)(b'~ d)(c-d) 5> 

The slope of equation (25) at time / — o is given by 

df(t) __ w (a- ft), (a* -a,, ft + ft*) b (a- b')(an- a 0 b' + b' s ) 

dt lt= -. Q ' (b'-ft){c~ft)(d-ft) ' , ft-b' / (c-b y )(d-b'T 

ctrt. -r)(qa-ti„c + r ii ) d(a - d)(a* - a u d + d*) , f) 

(ft-c)(b'-c)(d-c) (ft-d)(c-d){b'-d~) 

The expression on the left side of equation (26) is equal to 1/100 f, if 
1 pel cent sag is allowed in time Whenever the sag is prominent, equation 
(12) must be utilised to find out the fractional sag. 

Compensation jot the flat-top distortion • The distortion in the trans- 
mission of the flat top of a pulse due to R„ C „ network is compensated 
by the plate-supply decoupling network R a C,/. 

The pentode tube may be conveniently assumed to be a constant current 
generator. Since the plate resistance r,, of a pentode is very large, it may be 
omitted from the following equivalent plate circuit. 

First of all, assuming that the screen R, ,,C , „ circuit and the cathode 

combination have no effect on the plate current, i P may be written as: 

ip~ -g m e u 


i,-9 m e 9 - 





-oJt 


Fig. 7 

Equivalent plate circuit of a pulse amplifier with decoupling filter network in the plate 


RcC c 


1 

RjC 


, 0 ' = 


1 

RdCd 


and p=ju 


Tak ing 
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the output voltage e 0 is given by 

{*' + £ . p 


Co £mC u 


p \ a' 


... ( 27 ) 


{ K,+ i, ■ p+n'}*{~p 

Since R u is generally latge compared to R/, equation (27) can be simplified to 
g m e„R, | 1 + ^ ^ fV } . R„ 


r R . p(p + - J 'j-P') 

. (/> %') 1 r 

The step-function response )(l ) of this net wot k is gjven by 


(28) 


JU> 


7 . ."C-r^-Wc-'’ 7 , 

y'-/r ’ 




(20) 


or /«) = c-'"(i+0'/). *'«/8 / (30 

The slope of /(/) at / = o (fiyure S) is zero and so the condition R„C U —R ,(\ t 
which was assumed earlier, is necessary for proper compensation. 



§ 

0-4 


02 


„ -» 1 1 1— _1— 

o * 4 6 6 iO 

t On second* x /o*J ► 

Fig. 8 

Curve of response for flat top compensation 
(a) cl = 

({)) 

If the effect of screen and cathode circuits is to be considered, the plate 
current should be written as 


ip — g m , A . . B. Off 
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So in this case the response /(<) of the amplifier to a unit step-function 
voltage is the inverse Laplace transform of F{p) where Ftp) is given by 

i filpi t' + fi') (p+a) p 2 + a„p („) 

p ’(/> + ?')(/> f P f ) ip + b’) 'p + c)(p + d j 


The inverse transform can be found using the Heaviside expansion theorem, 
namely, 



U<p)\ 

_ XT <t>(Pr) p rt 

(32) 


U'l’A 


where 

/»/>)= 

n ip-Pr) 

(33) 


r- 1 


and p r *s are all distinct. Heaviside’s theorem demands that the degree of 
the denomnator ftp) \\ ill be at least as high as that of the numerator <f>ip). 
This condition is satisfied by the function where 

fpip) p x + p 1 (ct u a + + f3') + f3 f ) *r* a y - 4- 4- **■' 4- fi')\ 

4- p\a*(a l + (?) + aaj^' 4- f3 )\ + a 2 a(x' +■ (}') ... ( 34 ) 

and 

f(p) — (p + v/)(p~\ /?')(/> 4- b r ){p + c)(p + d) ... ( 35 ) 

'Thus the response / ( t) of the amplifier to a unit step-function voltage 
can be determined as given below : 

/(/) = A 1 c“ a i 4- A. 2 e ~‘P' t 4 A :i e~ h 1 4- A 4 c ~ ct 4- A ... ( 36 ) 

where the coefficients are found out from equations ( 32 ) and ( 33 )* 

The response /(/) in equation (36) when multiplied by certain circuit 
constants, will give the output voltage of the amplifier as a function of time. 
Pi om this expression of fit) it is found that the output voltage consists of a 
number of terms with negative exponentials. The various RC combinations 
in the amplifier stage are responsible for these terms. 

S R C ONI) METHOD OP ANALYSI S 

In the previous treatment we have not considered the effect of the 
cathode current 011 the voltage developed across which determined the 
reduction factor A . To take this effect into account we shall draw a modified 



Fig. 9 

Equivalent screen gtid circuit when the effect of the cathode current is considered. 
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equivalent screen grid circuit. It will be assumed that plate voltage is 
sufficient to make the plate current independent of plate voltage. 
So, though any change in screen circuit voltage affects the plate current, the 
reverse is not true. 

Now the equivalent screen grid circuit is drawn (figure 9) where 
e„k = grid-cathode voltage = e a — c* 

and e k is the voltage developed across Z. k due to the flow of plate current 
and screen current through the cathode impedance. The plate current source 
has not been shown in figure 9 to avoid complexity. 

A simple analysis of the circuit shows that the scree# current is given by 

»% = /*. c „ I r„p + + Z k {x i)j ... (37) 

where l< is a factor greater than unity, and is determine^ by the ratio of plate 
and screen currents. 

To find out the voltage c the plate current which will vary similarly, 
may now be conveniently written as 


7 p • "7 T? / 1 

r H(J 4- Zhu + /tli + 

So the actual voltage developed across the cathode impedance due to the 
flow of i f > and i ni through the cathode is given by 


flsCyiK + l) 

Try + Z s{! + Z k “f T + M t (K + 1 ) } 


which can be expressed as 


p 2 -t- zbp + w,,* 


where c ■= 1 / R, g C, 


2 b — Rup t C * + a * * ( 7v •* ill R*nt 

R Stf CvgRkC k^8fj 


J (il 2_ r, g ±Rs p ±_RjU +p t (K+ 1 )} 

d 0 R. p C, B R t C k T.„ 

So leaving out the constant factors, we can express the step-function response 
of equation (40) as 

fit) + JC Z j n)_ mi + (C^n) ( 4I) 

n m m\m —n) n(n — m) 

where ( — m) and ( — n) are the roots of p 2 + 2b f> + v> 0 2 — o. 

If 1 per cent sag is allowed in time f, the relation to be satisfied is 


If the sag is pronounced, equation (12) will be used to find out the 
fractional sag. 

7— 1832P— 1 
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With the aid of equation (37) the voltage developed across Z , 0 can be 
written as 

C “it!/*/ t |/ 


m= M S c t, <! 

r , ,j + /.,,, + '/.i< \i +/», ( K + 1 ) } 

J±_>e„ P + c '_ 

C,„r,„ p- + 2 bp + <•>„* 


... (43) 


... (44) 


where C — ifR kC k 

Kquation (44) is siimlar in form to equation (40). So the step function 
response /(/) is given by 


Ht)= fL + r -’‘"+ {C '~ n l c -’" 

mn mhii—n) n(n — m) 


•• ( 45 ) 


The slope of equation (45) at / — o is given by 1. Hence for t per cent 
sag allowed in time t lf we have 

i/ioo/,-i. ... (46) 

Three voltage sources may now be taken to be responsible for having 
marked contribution to the plate current i,, of the pentode. They are (?) the 
input voltage e„ at the grid (ft ) the voltage developed across Z s „ and (???) the 
cathode voltage e * across 7 .k. The total plate current will be the sum of 
currents resulting from these sources and can, therefore, be written as 

ip — G m c„ + Gm-iC»o + Gkck ... (47I 

where 

<r m = transconductance of the tube with respect to grid —Qi,,/Qe v 
G m % = transconductance of the tube with respect to screen — di P /Qe, u 
and 

Gk — transconductance of the tube with respect to calhode= — dip/den 
From the equivalent plate circuit (figure 6) we have 


7 ’ 0 = ?V. Rr.. 


. • • (48). 


where ( 3 =i / RgC g and the effect of r ,, and C ,, has been neglected- 

Substituting the value of i,, from equation (47) we find that the step- 
function response fit) is the inverse Laplace transform of 


F(*)-Kn| G m . 7~« -G, 


A* i 1 p -f r' 

C * ijr.% fJ p + ft ( p + m ) (p + n ) ■ 


+ Q ! (A’.t 1 . . _jb + C 

Ckt sv p + fi ’ (p + m)(p + n) 


... (49) 


Taking the- inverse Laplace transform of equation (49),. we have 

fU) = Ae- fff + Bc- mt + Ce- H ' ' ■ (50) 
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where. 


a=r l g„, + r t ,\ I I ) (f3 _ c) 


<■ , u r 


Ck i . 


' — ft ) 


B = R n 


(„, _ c', - C K . fl > ( £ + 1 >(m-0 

L * s u C T<r g „ 


and 


(m — ft)(m — n) 


<p«2^< n - CI) _ Gh 'fiAl<+±) {u _ 0 ] ' I .... 

^ * 1/1 • v Lkt*,, J ( 0 — n)(m — n) 


C = R l 

The slope of equation (50) at time / = o is given by 


df(t) 

dt 


= — [ft A + mB + wC] 

t ~o 


( 51 ) 


The slope will be equal to if 1 per cent sag is allowed in time t } . 

i oor 1 

FIat-iol> compensation : It has been previously stated that the plate- 
supply decoupling network R is used to compensate for the flat-top 
distortion. The equivalent circuit is shown in figure 7 where i P is given by 
equation (47). The output voltage c„ is given by 


where 


r„ = t 


v r J’(p + y + ft) 
(p + «)(p+ft) 


(52) 


V ~ R ( ’ ^ ~ P V aUd 7 = P- r * 

^ // a R'l d I\ L 6 d 

Inserting the value of i ft , we find that the step-function response fit) 
is the Laplace transform of 

q (p + y + ft) /> + C f (/> + y + ft) 

tU ip + y )(P + ft) CsuUd ‘ /) a + 2h/) + w 0 2 ‘ (p r *)(/>+■ P) 


F(P)=R Tj 


. r PslK + i ) ip + y + ft) / , 

Ckt,., ' <p 2 + 2bp+«> il 2 ) ' <P + a) (/i /i) ' 5 ‘ V 

IJy means of Heaviside Expansion Theorem, as given in equation (32), 
the inverse transform of equation (53; can be obtained as given below : 

)(t) —Pc~ ai + Qe~W + Re~ ui * + Se~ ul ... (54) 

where the constants can be easily found out. 

A comparison of the two methods : In the first method of analysis we 
did not consider the mutual interaction of cathode circuit and screen circuit 
fully, which determines to a great extent the influence of the two circuits 
on the flow of current in the plate. In the second method we have tried 
to study this interaction more closely and the procedure followed is more 
rigorous in this case 
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For the sake of comparison we shall write down the expressions of the 
plate current obtained in two ways. In the first method, the plate current 
is given by 

i /> _ ^ (a-b')(a*-a 0 b' + b' 2 ) Vt 

g m b'cd ' ( -b')(c -V) (d -b'f 


+ (a — c)_(a» — a«c + c 2 ) - e i. ( a-d)(a«-a 0 d + d 2 ) 
(-c)(b'-cj(d-cj (-d)(b'-d)(c -d ) ' c 

If the second method is followed, the plate current is given by 

ip — G,„e 0 +G„, 2 ej7 + GKeK 

which can be written as 


1+ ( 

f j Kfl x (A + 

11 


f » wiC /v r 5 (J 


„ ~ ttl / 

C Mh W 

Al< 

n — 7)i 

Gm * 

Cki 

,.~Ht 

L 

b,„2 

f* .« 

n — m 

(i’m ‘ r 

l 1 / r .1 


(55) 


U-Xim- '■* .“■< K + ' ) (l-c/n) ( 56 . 

Equations (55) and (50) have been plotted in figure 10 assuming the following 
values of the circuit elements : 


Type 0AC7 tube 

/**=•!<'. r, - 20 K, C ,„ = 2.5 nj, 

R, a = 60 K , R 1. - 1 50 ■ n - , C 'k = 500 /if 
G«,= —Gk — ijooo n mhos, (>'0.2-225 /* mhos and /C = 4 , 



Fig. 10 

Plot of plate current with time 
(o) for the first method 
(b) for the second method 
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It is clear from figure io that both the plate currents predicted by the 
two methods of analysis of the pulse amplifier are not very much different from 
each other. The plate current vs. time curve shows almost identical 
exponentially decaying characteristic though the plate current calculated 
by the more rigorous way of analysis is a bit larger than that found with the 
help of the first method. 

With the help of equations (25) and (50), the output voltage waveform 
is plotted with time (figure 11; assuming Rr,= ioK, = .01 R g = 200K. 
The waveforms for the two cases are similar. 

That the flat top distortion is very much minimised* when the decoupling 



Fig. it 

Relative output response curve (wsthoni decoupling network) 
(a) for the first method, (b) for the second method 



Fig. 12 

Relative output response curve (with decoupling network) 
(a) for the first method (b) for the second method 


Si 
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filter network is used, is shown in figure 12 with the help of equations (36) 
and (54). The values of the circuits constants chosen are 


Rl= 2 K ) R l{ = i 8 K, G=i 
R ,/ = 200 K and l’ v -.oi /*/. 


'1 here is very little difference between the two sets of results obtained 
in all these curves for the two methods of analysis, These curves show 
definitely that any of the two methods may be adopted to analyse a pulse 
amplifier critically. 
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ULTRAVIOLET ABSORPTION BANDS OF CRYSTALS OF 
ORTHO- AND PARADICHLORO BENZENE AND 
PARADIBROMOBENZENE AT LOW 
TEMPERATURES* 

By H. N. SWAMY 
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Plates V A-C 

ABSTRACT. The ultraviolet absorption spectiaof thin films of o-dichlorobenzene in 
the liquid state at 30 °C and in the solid state at — 5°°C and -iSo'Cand of />-dichlorobeiizene 
and />-dibromobcnzetie in the liquid state and in the solid state at 30°C and — 1S0 C have been 
investigated. In the latter two cases the solid films were also once cooled to —180 C and 
after bringing them to 3o°C thei** absorption spectra were photographed. Ta the case 
of o-di chlorobenzene in the liquid state only three bands are observed with intervals of 
about 1030 cm" 1 . ICach of these is split up into (wo when the liquid is solidified' at —50V, 
aud at ~ i8o°C each of the three bands for the liquid is split up into three bands. The 
intervals between the principal band and the satellites do not agree with any of the 
vibrational frequencies observed in the case of the vapour. It is suggested that formation 
of virtual bonds between neighbouring molecules may be responsible for such splitting of 
the electronic energy level. 

In the case of />-dichlorobenzeue, the liquid as well as the crystal at 3o*C yield three 
broad bands at intervals of about 1030 cm -1 . When the crystal is cooled to —180 C and 
again brought to room temperature three more new bands corresponding to the vibration 
frequency 764 cin' 1 are observed. At -i8o Q C, the number of bands increases owing to the 
appearance of other new bands corresponding to vibrational frequency 569 cm \ In the 
case of />-dibromobeuzene, the solid at 3o°C either before or after once being cooled to 
— i8o Q C exhibits bands similar to those observed in the case of the liquid. When the solid is 
cooled to -180*0 the bands become sharp and extra bands corresponding to vibrational fre- 
quencies 329* 537, 693, 1004, 1202 and 1431 cm r appear. Hie ap learance of these extra 
bands in both the cases is assumed to be due to sharpening of the broad bands caused by the 
cessation of angular oscillations at — i8o # C. It is suggested that formation of virtual 
bonds may be responsible for the damping of angular oscillations at low temperatures. 

I N T R O D XT C T I O N 

The ultraviolet absorption spectra of several substituted benzene 
compounds in the liquid state above their melting points and in the solid 
state at low temperatures were studied previously (Swainy, 195X1 *Q 5 2 a > 
1952 b) and it was observed that in some cases changes take place in the 
number and position of the bands with solidification of the liquid and 
subsequent lowering of the temperature, while in other cases only the bauds 
observed in the case of the liquid shift slightly with solidification of the 
liquid. Besides these changes, the solidification and cooling down to — r 8 o °C 

* Communicated by Prof. S. C. Sirkar. 
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of o-dichlorobenzene and w-chlorotoluene were observed to bring about 
a splitting of the electronic energy levels of these molecules (Sirkar and 
Swamy 1952, Swamy 1952 c). In o-chlorotoluene the two new components 
were on the two sides of the principal band while in m-chlorotoluene both 
the uew components were on the longer wavelength side. Also, the absence 
of such splitting of the energy level in the case of f’-chlorotoluene led to 
the conclusion that splitting of the electronic energy level depends on the 
relative positions of the substituent groups and does not take place when the 
permanent electric moment is small. Kronenberger ^1930), however, had 
previously observed that in the case of benzene, the 0-0 transition, which is 
forbidden in the vapour state, appears at — t8o”C. It was pointed out 
(Sirkar and Swamy, 1032) that this might be due to the distortion of the 
molecule and absence of the centre of symmetry in the solid state at — i8o°C. 

Ortlio- and para -dichlorbenzene aie other examples of disubstituled 
benzene molecules, one having a strong peimanent electric moment and the 
other having no such moment. The para compound is interesting for the 
reason that in the solid state just below its melting point the substance yields 
new Raman lines in the low frequency region, the positions of these lines 
depending on whether the substance has once been cooled in ice or not 
(Vuks 1936, Sirkar and Gupta, 1936, Sirkar and Ray, 1951). It was thought 
worthwhile to investigate whether the electronic energy level of the molecule 
undergoes any change with such cooling in ice and whether the changes 
obseived in these absorption bands with lowering of temperature upto — i8o°C 
throw any light on the changes in the positions of the Raman lines in the 
low-frequency region which take place with the lowering of temperature 
upto — i8o°C. 1 he absorption spectra of f>-dichlorobenzene in different states 
and at different temperatures have therefore been investigated and the results 
have been discussed in the present paper. The absorption spectra of 
Mibromobenzene in different states and at different temperatures have also 
been studied to find out whether these are similar to the spectra observed 
in the case of f>-dichlorobenzene. The results for o-dichlorobenzene briefly 
reported earlier (Sirkar and Swamy, 1952J have also been discussed in 
detail in this paper. 


kxprrimrntal 

The experimental arrangement is that employed in earlier investigations 
by the author (Swamy, 1951, 1953). A hydrogen discharge tube running 
at 3 K. V. served as the source of continuous spectrum. Spectrograms 
were taken on Ilford HP 3 films with a llilger E. J spectrograph having a 
dispersion of 3 A. U. per mm in the region, 2600 A. Chemically pure 
substances distilled under vacuum were used in this investigation. 

Paradibromobenzene was obtained from Merck's original packing and 
the other two substances were obtained from U. S. A. In each case a film 
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of thickness about 0.2 mm was found to produce absorption bands in the 
near ultraviolet region. For recording absorption spectra of £-dichloro- 
benzene, and />-dibromob2nzene in the liquid slate the two quartz plates 
between which the film was produced were held in a brass frame which was 
suspended at the centre of a heater, the current through the heating coil 
being adjusted so that the temperature at the centre of the heater was just 
above the melting point of the substance under study. Absorption spectra 
in the solid state at — i8o r C were photographed With the technique 
described previously (Swamy 1951, 1952). An exposure of about 12 minutes 
was required to record the spectrum for the liquid state afrd for the solid state 
at room temperature, while the exposure required to record the spectra for 
the solid at -i8o°C was about 40 minutes. For comparison, mercury arc 

spectrum was recorded with the help of Hartmann ^diaphragm on each 
spectrogram. 
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r k s u l, r s 

Spectrograms for o-dichlorobenzeue in the liquid state at 30°C and 
solid state at -5o°C and -i8o°C are reproduced in figures 1-3, Plate VA. 
Spectrograms for p-dichlorobenzene in the liquid state at 6o*C and in the 
solid state at 30° C and -tSo^C as well as for the sample at 30°C after it 
had beeu once cooled to — i8o°C are also included in Plate VA (figures, 4-7). 
Microphotoineter records of the absorption spectra of P -d ibromobenzeue in 
the liquid state at 9o°C as well as in the solid state at 30°C and — i8o°C 
are reproduced in figure 8 (Plate VB), and those for o- and £-dichlorobenzene 
in figures 9 and 10 (Plate VC). Measurements were made for the centre of the 
absorption peak, as the bands are broad. The wave numbers of the prin- 
cipal bands observed by previous workers for the vapour state are included 
in Tables I, II and III in which the wave numbers of the bands observed 
in the present investigation are given. Assignments for the absorption 
bands of o-dichlorobenzene in the solid state at — i8o°C have been made on the 
assumption that the electronic energy level is split up into three components. 

DISCUSSION 


(a) Orthodichlorobenzene. 

The spectrograms published by Sponer (1942) for the absorption spectra 
of o-dichlorobenzene in the vapour state show that the v„ band is at 
36230 cm -1 . The band is very strong in agreement with the fact that 
the o — >»o transition is allowed in this case. There are also prominent bands 
at 36670, 37250 and 37319 cm' 1 which can be assigned as v„ +440, v 0 + 1020 
and v 0 + io8g cm -1 . There are, however, companions on the red side of all the 
main bands at least two of which are probably due to v-*-v transitions, their 
separations from the principal ones being only 25 and 60 cm -1 respectively. 

In the present investigation the substance produces only three broad 
bands in the liquid stale, the v 0 band being at 35848 cm-’. The fine 
structure found in the vapour state is absent. The centres of the bands are 
separated by intervals of 1030 cm -1 . In the solid state at -i8o°C the 
substance produces four intense bands marked A 0 , A,, A» and A,! Each of 
the first three of the above bands is accompanied by two fainter bands, one 
on each side marked C 0 , B„; C,, Bj and C 2 , B 2 respectively. The fainter 
band on the longer wavelength side of the first principal baud at 35587 cm' 1 
cannot be due to a v— >0 transition, as the distance between the two bands 
is about 352 cm *, and at -i8o*C the number of molecules present in the 
excited state in this mode of vibration is negligible. It is to be concluded 
that the electronic energy level is spilt up into three components in the 
case of the substance in the solid state at - r8o°C. The assignments made 
on the basis of this assumption are given in Table I. The companions of 
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the principal absorption bands are much feebler than the main bands. 
Similar phenomenon has been observed in the case of benzene in the solid 
state at —as9°C by Kronenberger (1930). The 0,0 band of benzene which 
is forbidden in the vapour state appears strongly at — i$o°C, and at — 259°C 
owing to the interaction of neighbouring molecules, -the energy level is 
split up. The splitting of the energy level and the destruction of the 
symmetry of the electronic configuration in the benzene -ring cannot be due 
to Van der Waals’ forces in the lattice. This phenomenon may be due to 
the formation of virtual bonds between neighbouring molecules in the lattice 
as concluded from the results of study of the Raman Spectra of benzene by 
Sirkar and Ray (1950). Such virtual bonds are more ^likely to be formed 
in the case of o-dichlorobenzetie, as the molecule is ftrongly polar and the 
splitting of the energy level in this case also may be fdue to formation of 
such virtual linkages. The large shift of the i\, band towards longer 
wavelengths, which takes place with solidification of the substance, probably 
indicates that such an association of the molecules takes place in the lattice. 

The absorption spectrum of the solid at -5o°C indicates that besides 
the bands corresponding to those for the liquid state, there are four extra 
feeble bands, as shown in Table I and these can be accounted for by assum- 
ing that the energy level is split up into two components giving bands of 
unequal intensities. As the temperature of the solid is lowered, probably 
besides the close neighbours, the distant neighbours also exert influence on 
the energy level of each molecule, producing thereby a third component 
of the level. 

The intermolecular field in the liquid state also is expected to haye 
some influence on the electronic energy level. The molecules, however, 
have greater freedom for rotational oscillation in the liquid state and this 
oscillation is likely to broaden the level. The large width of the absorption 
bands observed in the case of the liquid actually corroborates this view. 
The splitting of the level in the solid state at — i8o°C, however, shows that 
some fundamental change takes place in the intermolecular field with 
solidification and this may be due to formation of virtual bonds among 
neighbouring molecules as stated above. The frequency-difference between 
successive bands for the liquid state is about 1030 cm' 1 and for the solid 
state it is about 1044 cm" 1 . This discrepancy may be due to the large 
width of the bands in the former case. The value 1044 cm -1 for the 
solid state, however, is about the mean of the two frequencies 1020 cm -1 
and 1089 cm" 1 observed in the case of the vapour. The results of this 
investigation confirm the view mentioned in an earlier paper (Swamy, 1952c) 
that the splitting of the electronic energy level depends on the position of 
the substitution group and takes place in this isomer since the dipole 
moment has a large value viz., 2.4 — 2.5D (Spouer, 1942). , 
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(b) Paradichlorobenzene . 

The data given in Table II show that in the case of />-dichlorobenzene. 
the new absorption bands which appear when the solid is cooled dowti' 
to — z8o°C can be explained satisfactorily on the assumption that these are 
due to transitions to upper virbrational levels in the excited state* In this 
case there is no band on the longer wavelength side of the v 0 band, and 
therefore, it is concluded that no splitting of the energy level with lowering 
of temperature occurs in this particular case. This may be due to the 
absence of peimauent electric moment in the molecule. In the case of 
benzene also the splitting of electronic energy level occurs only at — 259°C 
and no such splitting is observed at *- i8o°C (Kronenberger, iQ3u). The 
vibrational frequencies doiived from the absorption spectrum in the solid 
state at — i8o°C are slightly different from those derived from the absorption 
spectrum of the vapour (Sponer, 1942). 

It is observed from a comparison of the data in Table II and the micro- 
photometric records reproduced in figure 10, that the absorption spectra df 
/>-dichlorobenzene in the liquid state and in the solid state at 30°C are similar, 
but in the case of the solid the bands shift by about 210 cm -1 towards shorter 
wavelengths from their respective positions in the case of the liquid. The 
bands aie broad and diffuse in both the cases. When, however, the solid 
is once cooled in liquid ail* and brought <r 30°C, extra bands corresponding 
to the transitions v« -f 764 and v 0 +1031 + 764 are observed. On further 
cooling down the solid to — i8o°C, the bands become narrower and additional 
feeble bands corresponding to the vibrational frequency 569 cm -1 appear. 
On comparing the position of the v 0 band observed in the case of the liquid 
with that observed for the vapour (Sponer, 1942 ), it is found that the band 
shifts by about 400 cm"" 1 towards longer wavelengths with the liquefaction 
of the vapour. This show’s that the intermolecular field has much influence 
on the electronic energy level. The molecules are expected to execute 
angular oscillation in the liquid and the intermolecular field acting on each 
molecule may fluctuate resulting in the broadening of the electronic energy 
level of the molecule in the liquid state. As all the bands become broad due 
to such a cause, the feeble bands are not resolved and only the intense bands 
appear as broad bands. I11 the case of the solid at 3o°C also the bands are 
observed to be broad and therefore it is to be concluded that '"such angular 
oscillations of about the same amplitude are present also in the case of the 
solid at 3o°C. When, howevei , the solid is once cooled in liquid oxygen 
and brought to 3°°C again, the bands become a little sharper owing probably 
to cessation of such angular oscilatiou about one of the axes. Consequently, 
the bands become slightly narrower, so that the bands corresponding to the 
vibration frequency 764 enf 1 are resolved from those due to the vibration 
frequency 1031 cm"" 1 . When the solid is cooled down to -i8o°C the 
amplitude of the angular oscillations diminishes to a very small value, and. 
therefore, the fluctuation of the intermolecular field is negligible. Conse« 
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quently, the bands become very narrow and the feeble bands are observed 
..in this case owing to their sharpness. This sharpness of the bands of 
£-dichlorobenzene in the solid state at - i8o°C thus indicates almost complete 
cessation of angular oscillations of the molecules in the lattice at this low 
temperature. 

It would be interesting to compare these changes observed in the 
absorption bands with lowering of temperature of the solid with those 
observed in the positions and intesities of the Ramftn lines in the low 
freqttenecy region (Sirkar and Oupta, 1936 ; Ray, 1952). It is observed 
that the number of these lines increases and the frequency-shifts and 
intensities of some of them increase with the cooling down of the solid 
to — i8o°C. These changes as well as the large diminution of the amplitude 
of angular oscillation indicated by the changes observed in the absorption 
spectra definitely contradict the hypothesis that the Raman lines are due 
to angular oscillation of the molecules in the lattice. The diminution of the 
amplitude of angular oscillation may be due to linking up of neighbouring 
molecules through virtual bonds and the results obtained in the present 
investigation corroborate the hypothesis put forward by Sirkar (1937) that 
the new Raman lines in the low frequency region may be due to vibrations 
in associated groups of molecules. 

(c) p-dibromobenzenc . 

The data reported by Sree Ramanmrthy (1951) for the absorption spectra 
of />-dibromobenzene in the vapour stale show that the v 0 band which 
is allowed in the present case is at 35643 cm- 1 . There are other strong 
bands at 36113, 36657, 37092 cm" 1 which have been assigned as Vo + 470, 
v 0 4 1014 and v 0 + 1449 cm- 1 . There are of course close lying bands on the 
longer wavelength side of all the strong bands. 

In the present investigation, the* substance is observed to produce four 
broad bands in the liquid state. The r 0 band is at 35260 cm' 1 , being 
shifted by about 400 cm” 1 towaids longer wavelength side from the position 
in the vapour state. The centres of the bands are separated by 1008 cm" 1 . 
In the solid state at 3o°C again, the same four bands are observed, but their 
positions are shifted by about 100 cm* 1 towards shorter wavelengths. The 
absorption spectrum of the sample brought to room temperature after once 
being cooled to — 180° C, is exactly identical with that for the solid at room 
temperature which has not been cooled down below o° C. This behaviour of 
the substance is different from that observed in the case of />-dichlorobenzene, 
because in the latter case new bands appear if the crystal is once cooled 
to — 180 0 C and again brought to room temperature. In the solid state 
at — 180 0 C, />-dibromobenzene produces a large number of bands. The 
position of the v 0 band shifts by about 80 cm" 1 from its position in the solid 
state at 30° C. The first four bands just 011 the higher frequency side of the 
v 0 band can be assigned as v 0 + 320, v 0 4- 537, v 0 +693 and v 0 4 - 1004 cm' 1 . After 
this we get new frequencies giving bands at v 0 4-i2O2 and v 0 4-i43i cm* 1 . 
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The baud at v 0 + 1004 + 329 cm' 1 is very feeble and the band v 0 + 1004 + 537 
cnT’is just separated from the band at v 0 + 1431 cm* 1 . The bands v 0 + a * 1004 
+ 537 cm* 1 and v 0 + j x 1004 + 537 cm* 1 are not separated from the adjacent 
bands corresponding to the vibrational frequency 1431 cm -1 probably because 
the frequency 537 cin* 1 becomes a little lower in these cases. The large 
width of the bands in the case of the solid at 30° C may be due to angular 
oscillations, as in the case of ^-dichlorobenzene. The appearance of new 
sharp bands at -180 0 C may also be due to cessation of such angular 
oscillation at the low temperature. 

The difference between the behaviour of the ciystals of />-dichlorobenzene 
and p - dibr om oben zene once cooled to - 180® C and brought to 30°C may 
be due to the difference in the chemical affinity of the two halogen atoms, 
the bromine atom being less reactive than chlorine atom. It may also be due to 
difference in their crystal structure. The absorption bands are equally board 
both in the liquid and the solid states, but in the latter case the v 0 band has 
its position shifted by 100 cm - towards shorter wavelengths from its position 
in the former case. So this indicates a change in the intermolecular field with 
solidification. It is also known that new Raman lines appear with solidi- 
fication. Their absence in the liquid state and appearance in the solid state 
are thus connected with this change in the intermolecular field with 
solidification. It is not unlikely that formation of virtual bonds is responsible 
for the apparent change in the intermolecular field and the appearance of 
new Raman lines in the low frequency region. The fluctuation of the 
intermolecular field due to angular oscillation of the molecules is probably 
responsible for broadening of the absorption bands as well as of the new 
Raman lines and cessation of such fluctuation at low temperatures probably * 
causes sharpening of the bands and the Raman lines. This view is 
corroborated by the fact that in the absence of intermolecular field the 
absorption bands arc sharp, as in the case of vapour, 

The investigations are being continued with other substances and the 
results will be reported shortly. 
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Plate VI ' 

ABSTRACT. The structure of the I Mines of sodium fihcrcd through an absorption cell 
containing sodium vapour at tetnpci attires ranging from 465 °K to 563 °K and pressures 
ranging from 8.4 x jo 5 to o 1 x 10 nini. of Hg luis been studied using a 12 ft. concave grating 
spectrograph in its third order. It has been observed that at lower temperatures and 
piessures the trail* mitted Ddines appear as doublets owing to the absorption of the central 
pait and that as the pressuie is inci eased the distance between the components of each 
doublet increases rapidly, so that at ,1 piessure of o 1 X nr 3 mm the distance from resonance 
is 1.13 cm' 1 for I>j and 1 38 cm" 1 for P 2 . It is pointed out that in the incident radiation 
filtered through Ilg vapour at a piessure of about 10"* mm of Hg, there is no intensity at 
these distances from resonance ami therefore this altt ration in frequency takes place in a 
process of absorption of the quantum just before collision and its rt-emisiion at the instant 
of collision. 


1NTRODU C T I (> N 

It was observed previously (Kastha, jq4q) that when the mercury 
resonance line 2537 A is passed through an absorbing layer of mercury 
vapour and the line is examined with a high dispersion spectrograph the 
line appears as a doublet, the separation between the components of which 
depends upon the tempcratuie of the absorption cell containing the drop of 
mercury used to pioduce the absorbing layer of mercury vapour. At a 
temperature of about ioo r, C the separation between the two components is 
about 1S.6 cm" 1 . It was fmther observed that the intensity of the two 
components in the doublet diminishes very rapidly with the increase of 
temperatuie of the absorption cell and at about ioo°C the 2534 A line is 
found to be many turns more intense than the total intensity of the 
components of the doublet at 2337 It uas pointed out that such a 

broadening of the 2537 A line could not be explained on the hypothesis 
that it was a Doppler broadening Previous investigations on the resonance 
line of mercury are so numerous that it would appear to be almost impossible 
that the facts mentioned above bad been overlooked by previous workets* 


* Communicated by Prof. S. C. Sirkur 
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Although the absorption co efficient of the resonance line given out by a 
resonance cell has been measured using a photo-electric cell by several 
previous workers (e.g., Kuuze, 1928, Fairbrother and Tuck, 1936 etc.), the 
width of the resonance lines of sodium in absorption was studied using a 
high dispersion instrument only by Korff (1932), who used a 3° ft. concave 
grating for the purpose. He, however, used a continuous radiation as the 
incident light and the phenomenon mentioned above in the case of the 
mercury resonance line could not be observed with such an arrangement. 
Zehden (1933) separated the two D-lines by using two double image prisms 
and a quartz plate, but the thickness of the absorbing layer was such that 
only a small fraction of the whole intensity was absorbed in order that the 
absorption coefficient could be measured. So, the phenomenon mentioned 
above could not be observed with such an arrangement. It was, therefore, 
thought worth while to investigate whether the D-liues of sodium filtered 
through sodium vapour at different temperatures show a structure similiar 
to that observed (Kastha, 1949) in the case of the Hg line 2537 A. The 
results obtained in such an investigation are discussed in the present 
paper. 

EXPERIMENTAL 

The absorption cell was made of Pyrex glass tubing with windows at 
the two ends made approximately plane and parallel by carefully blowing 
the molten ends. Two side tubes were provided through one of which the 
cell was connected to the sodium distillation apparatus and the other was 
connected to the pump system. The distillation apparatus consisted of 
three small bulbs of Pyrex glass joined in a line with Pyrex glass tubing one 
after another. Metallic sodium carefully purified was introduced 
through a side tube into the first of the three bulbs by evaporation under 
vacuum and a small quantity of the metal was introduced in the absorption 
tube by successive distillation in the other two bulbs. The absorption cell 
was then sealed off at the constrictions in the two side tubes. Two such 
absorption cells, one of length 12 ems and the other 5 ems were used. 

The absorption cell was placed axially in a cylindrical heating oven the 
temperature of which could be controlled by varying the current through 
its heating coil. The temperatures for different currents were measured 
with a gas-filled mercury thermometer. Light from an Osram sodium 
vapour lamp made parallel with a lens passed through the absoiption 
cell. It was then focussed on the slit of a grating spectrograph with a 
second lens. 

In the former investigation (Kastha, 1949) on the absorption of resonance 
line of mercury filtered through mercury vapour, the dispersing medium 
used was an Ex-Hilger quartz spectrograph. The dispersion was quite high, 
being about 3 A/mm. at 2536 A. In the present case no such spectrograph 
could be used due to very low dispersion in the region of 5890 A. So, a 12 ft. 
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concave grating (Littrow type) having a ruled surface about 5 inches long 
was used in the third order. The dispersion in this order is about 1.5 
A.U. per mm. The grating gives strong ghost lines in the neighbourhood 
of the principal maxima, but fortunately, these ghost lines due to anyone 
of the Dj and D 2 lines of Na do not overlap, on either the principal maximum 
or the ghost lines of the other wavelength. The width of the slit used was 
.05 mm and its length was about 1 cm. The theoretical resolving power of 
the grating is about 120, 000 in the third order. Qevaert panchromatic 
plates were used to photograph the lines, the exposures tinging from 1 hour 
to 10 hours. 

First, the width of the line emitted by the Osjpm sodium lamp was 
examined by photogiaphing the D-lines produced in th^ third order of the 
grating. The width was found to be less that o.i<* A.U. The longer 
absorption tube was first used and the D-lines transmitted by the cell at 
different temperatures from iS5°C to 265 °C were photographed with 
exposures ranging from 1 to 3 hours. Next, the investigation was repeated 
with the shorter absorption cell, the temperature being raised in this case 
upto 290°C. Three photographs of the D-lines were also taken on the same 
plate with an exposure of 1 hour in each case, the temperatures of the 
absorption cell being i85°C, iq 8°C and 2i7°C, respectively. The strongest 
of the ghost lines accompanying each of the D, and D 2 lines was recorded with 
moderate density in each of these photographs so that the width of the 
transmitted line and its structure could be determined. Microphotometer 
traces were also taken with a self-recording Moll microphotometer of Kipp 
and Zonen type and the separation of the components of the transmitted 
doublets was determined in each case from these records. The separation 
was also measured with an Adam-Hilger comparator. 

R tt S U I* T 8 AND DISCUSSION 

Some of the spectrograms obtained with different temperatures of the 
absorption cell and enlarged four times are reproduced in Plate VI. In 
figures 7 and 8 the spectrograms obtained with an exposure of one hour and 
with the absorption cell at i9S°C and 2i7°C respectively are also reproduced. 
The separations of the components in the doublets produced by the absorption 
of Di and D 2 lines for different temperatures of the cell are given in Table I. 
The vapour pressures of Na at these temperatures have been calculated from 
the formula (Ladenburg and Thiele, 1930) 

log pz J Z 3. §972 _ i>i7 8 log T + 11.329 

4-573 T 

These vapour pressures are given in Table I; In order to find out whether 
there is any simple relation between the vapour pressure and the separation, 
the logarithms of separations have been plotted against the logarithms of 
vapour pressures in figure 9. 
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Tabus I 


Separation in cm ' 1 


Temperature 
in *K 

Vapour pressure /> 
in rum. of Hg. 

i>. 

D, 

465 

1 

8.4 Xio* 5 

1 

•252 

347 

47 i 

j.i8Xto' 4 

! - 3 J 5 

.428 

478 

1 .75 x 10 ■* 

•347 | 

• 5 I« 

490 

3. 38x10-' 

1 

.482 

65 3 

498 

5.18x10 4 

•f> 3 ° 

.792 

510 

9.1 X IO “ 4 

.752 

•977 

536 

2,98 X jo -3 

J-I 75 

1.643 

563 

q.i xio -3 j 

2.250 

3 .ICO 


It can he seen from figures 1-6 that the separations between the compo- 
nents of the doublet formed by the D, and D 2 lines filtered through sodium 
vapour increases with temperature of the cell. Since the increase in tem- 
perature is small the increase in separation is evidently due to increase in 
the pressure of the vapour inside the absorption cell. 

The curves in Fig. g show that the separation increases linearly with 
the pressure. It is, of course, evident from the figures that the intensity of 
of the components in the doublet also diminishes with increase in pressure 
of the absorbing vapour, but a comparison of figures, 7 and 8 clearly shows 
that at a distance equal to that of the centie of the component observed 
with the absorption cell at 217' C from the centre of the doublet there is no 
appreciable intensity in the doublet obtained with the cell at iyS°C (Fig 7). 
This can be clearly seen from a comparison of the ghosts between the 
principal lines in figures 7 and 8. Since the exposure is the same in both the 
cases, and the components of the doublet in figure 8 appear at the position at 
which there is no intensity in the incident line, the change of frequency of the 
transmitted line observed in figure 8 is caused by the absorbing vapour. 
This phenomenon is different from the anomalous widening of absorption 
band with increase in pressure of absorbing vapour observed by Korff (1932). 
In the present investigation the transmitted radiation of modified wavelength 
is actually produced during the process of absorption and re-emission while 
Korff (1932) observed that the opacity varies inversely with square of wave- 
length distance from resonance up to a certain pressure above which the 
width of the absorption line was found to be much higher than the 
theoretical value. This anomaly was assumed to be due to the influence of 
interaction between Na-atoms on the frequency of resonance at higher 
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PLATE VI 



I), D* 

! GG i 



Resonance lines of Na filtered through Na vapour 
G, G— ghost lines. 
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pressure. He, however, could not detect with the arrangement used by 
him any change of frequency of radiation emitted by the absorption cell, 
because he used a continuous radiation as the incident beam. 

It can be seen from Table I that the distance of any of the components 
of the transmitted doublet from resonance varies from .058 & at iS5°C to 
.5 A at 290°C for the D a line, while the corresponding values for D, are 
.04 A and .38 A respectiyely. Also the components 5 of the transmitted 
doublet become broader and diffuse at higher temperatures, the width of 
each component being about .5 A at 2yo°C. The maximum shift observed 
in the case of D a is about 1.5 cm -1 at 2Qu _ C while in tjje case of resonance 
line of Hg the maximum shift observed was y cm -1 (Kpstha, 1949). Thus 
the percentage change in the frequency of the transn^tted line is larger in 



the latter case than in the case of the D lines. The absorption tube is 
expected to act as a resonance lamp, the intensity of radiation emitted in 
any direction being only a very small fraction of that of the radiation absorbed. 
Evidently, due to interaction of the atoms not only the frequency of absorp- 
tion but also that of the emitted radiation is slightly altered. If we also 
postulate the alteration of frequency at each process of emission after that 
of absorption, the change of frequency of the emitted radiation is expected 
to be larger than that of the absorbed radiation. vSuch a phenomenon can 
take place when the radiation is absorbed by an atom just before its collision 
with another atom and the energy is re-emitted at the instant of collision. There 
may be absorption of the emitted radiation again by some other Na-atom 
impinging with each other and the frequency of the radiation re-emitted may 
be changed to a greater extent. The probability of such a re-absorption and 
re-etnission of the radiation is much less than that of single absorption and 
re-emission. So the intensity of the transmitted radiation at larger distance 
from resonance is expected to be smaller. This may be the explanation for 
the feebleness of the doublet olserved at 2go°C, the intense portion of the 
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transmitted component nearer to the resonance in this case being completely 
absorbed owing to larger width of the absorption band at this temperature, 
as observed by Korff (1932). Thus the results of both the previous investiga- 
tion (Kastha, 1949) and the present investigation definitely prove the fact 
that besides the Doppler and other known types of collisional broadening of 
resonance line, there is a new type of broadening of the resonance line which 
is produced during absorption and re-emission of the resonance line by the 
vapour of the emitting element at suitable pressures. 

It may finally bepointed out that in any method in which the vapour of 
the element is used to absorb its resonance line, the absorption is never 
complete and there is always a feeble radiation of modified frequency trans- 
mitted by the absorbing vapour, the intensity of this transmitted radiation 
falling off rapidly with increase of pressure of the absorbing vapour. 
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SOUND VELOCITY MEASUREMENTS IN ORGANIC 

LIQUIDS 
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ABSTRACT. Sound velocity measurements have been redetermined in 48 organic 
compounds of various molecular structures with a view to chewing previous results. 
Rules obtained previously by one of us (S. P.) regarding the relation between sound 
velocity and chemical constitution have been applied to them and ar# found to hold good. 

INTRODUCTION 

Sound velocity measurements have been made in 48 organic liquids by 
the light diffraction method. The authors in the course of their investiga- 
tions on the dispersion of the sound velocity in organic liquids observed 
that some of their velocity values differed considerably compared to the 
values determined by previous workers. Therefore, with a view to checking 
the velocity measurements the present work was undertaken. A few of 
the determinations are new. The empirical rules (Parthasarathy, 1935, 
1936, 1937. 1938) derived by one of us previously between sound velocity 
and chemical constitution are applied here and reviewed further. 

EXPKJtIMENTAL AND RESULTS 

The well known diffraction method of Debye-Sears and L,ucas-Biquard 
was employed in the determination of sound velocity. Care was taken to 
have each liquid, which was pure, freshly distilled again before the measure- 
ments. The accuracy claimed for these values is of the order of 1 metre 
in a thousand. 

As examples we give in Table I a few liquids where velocities given by 
earlier workers do not agree among themselves : — 


Table I 


Liquid 

Authors 

From 

Berguiann’s "Der UltraschaH" 

Temp T 

Vel. m/s 

Temp. *C 

Vel. m/s 

1. 

Ethyleir glycol 

25 

1656 

20 

1616 

2. 

Diethyl oxalate 

22.4 

1292 

22 

1392 

3 * 

Kthyl acetoacetate 

24 

1341 

25-5 

1417 

4 - 

o-Nitrotoluene 

23 2 

1460 

20 

1432 

5 - 

a-Pi coline 

25 

1392 

28 

M 53 


We have redetermined with great care the sound velocity measurements 
in about 50 liquids The values and the temperatures at which they were 
taken are given in the Table II. The sound velocities in these liquids are 
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given in Bergmann’s “Der Ultraschall” 1949 edition and are also being given 
here for the purpose of comparison. 

Table II 


Liquid 


Authors 


Terr p °C 


Vel. m/s 


I ? rom 

Bergmann's “Per Ultraschall* 


It nip. °C 


Vel. m/» 


(/) A In) hols j 

1. Methyl aicohol 
Kthyl alcohol 
3. Iso-propyl alcohol 
4 A’utvl alcohol 

5. Iso-butyl alcohol 

6. Amyl n'cohol 
7 Netvl alcohol 
8. Capryl alcohol 
t) Henzvl alcohol 

jo. Iso-amyl alcohol 
n Cyelohexanol 
12. Kthylene glycol 
13 Ally 1 alcohol 

(ti) Esters 

74 Methyl acetate ! 

15. Kthvl acetate ! 

16. N -butyl acetate | 
T7 N-au.y] a etatc 

jH. Methvl salicylate 
ig. Diethvl oxalate j 
20. Dietlivl benzoate ( 
21 Kth vl-ncetoaeetntci 

22. Kth\ 1 butyrate 1 

23. Dieth> 1 nmlonate | 

24. Diethvl phtha late j 
25 Amyl formate i 

(iii) Ketone : s \ 

26. Acetone 

27. Methyl cthvl 

ketone 

28 Act tophenone 
20 Cyclohexanone j 

{iv) Other Compounds] 

1 

30. Benzene J 

31. Toluene 1 

32. Xvlene * 

33 . />- Cyme lie 

34. Ilromoben^cnc | 

(mono) 1 

35. Chlotoform 

36. Cyclohexane I 

37. o-N : tra toluene 

3S. m-niti* 'toluene J 

39. Pyridine 
40 Pipentene 

41. Nitrobenzene 

42. tf-Chlorotoluene j 


25 

Mf '5 

20 

1493 

?5 

165 A 

20 

JO16 

26 

1151 



afi 

1154 

1 

1 25 

JI 54 

2 3 6 

1132 

1 20 

1176 

23 

1203 

26 

1271 

33-5 

7 200 

26 

1168 

- 3-2 

1419 

2«S 

1408 

22.1 

129; 

2 l 

1392 

2J.S 

130 ‘> 



24 

i.VP 

25.5 

1417 

21 5 

11 70 

23 5 

11 71 

23. s 

7306 

22 

1386 

26 


23 

1471 

26/*' 

1 1O5 

26 

1201 

23.5 

IJ 77 

30 

1192 

23.3 

1204 

20 

1 207 

24/1 

1479 

20 

1496 

2V2 

1410 

30 

1449 

21.8 

1317 

20 

! 

1326 

22 2 

1318 

20 

1328 

22.8 

1334 



21. 4 

1331 



"»*> 2 

1162 

20 

1170 

23.6 

985.7 

20 

1005 

24.6 

1 “59 

20 

1284 

23-2 

1460 

20 

1432 

-*3 -8 

* 4*7 

20 

1489 

25 5 

1416 

20 

T 445 

24.2 

1327 

23.8 

1328 

25-2 

1457 

20 

*473 

24.4 

1305 

20 

1344 
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Tabt.e II (contd.) 



Liquid 

Authors* 

From 

Pergniamfs “Der Ultraschall ’* 


i 

j 

Temp. c C 

Vel. 111/s 

Temp. *C 

Vel. m/s 

43* 

Aniline 

24 8 

; i ( >43 

7 

1656 

44- 

Carbon tetrachlo- 
ride 

2J.S 

| 933 

1 

2° 

93s 

45* 

a-Picoline 

25 

1 1392 

28 

M53 

46. 

Ouinoliue 

25-4 

; 15^1 

20 ; 

i6o< ) 

47* 

Penza ldehvde 

26.6 

! 1456 

; 

20 

1479 

48. 

Dioxane 

24*5 

J3SI 

1389 


1) I S C TJ S vS I C) N 

In this connection we may restate the rules (Parthasarathy, 1935, 1936, 
19 37, i93<Sj obtained between sound velocity and chemical constitution. 

It will be useful to split these rules, for considerations of simplicity, 
into two groups, (i) (General rules applicable in all cases and (ii> particular 
rules which apply only in special eases, like substitution of radicals, atoms 
etc. 

General Rules 

There are only three of them out of those enunciated in our earlier 
paper. They are • 

(1) Aliphalics and aromatics. Aromatic compounds have usually 
higher velocities than the aliphatics. This is amply confirmed by part (iv) of 
Table II. It is observed that aromatic compounds like, benzene, toluene, 
xylene etc., have usually higher velocities as compared to the aliphatic 

compounds like acetone and methyl ethyl ketone. 

(2) Compounds having higher viscosities have in general higher 

velocities 

On an exmination of Table II we find that as stated earlier, acetophenone 
and aniline have higher velocities than the parent compound. therefore 
this rule also holds good. 

(3) I so met s. Among isomeis, if isomerism is not of the optical kind 

there is a difference in the acoustic \clocity. 

This is borne out clearly by the examples of >i-and isobutyl alcohols, 
w-and iso-amyl alcohols, and o-and m-nitro toluenes. Therefore these find- 
ings confirm the rule. 

Particular Rules 

(1) Lengthening of the chain. As the length of the molecule increases, 

the velocity of sound also increases. This is amply borne out by the 
2— I832P— 2 
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members of the homologous series in the aliphatic alcohols and benzene 
hydrocarbons from Table II parts (i) and (iv), which go to show that the 
rule holds. Increase in molecular weight does not always go with increase 
in the length of the chain and it is not therefore correct to say that with 
increase in molecular weight the velocity increases, e.g. molecules which have 
heavy atoms substitued possess lower velocities. 

(2) Introduction of a heavier atom, lnotroduction of a heavier atom 
into the molecules brings down the velocity. Examples are toluene and 
c-chloro-tolueiie ; chloroform and carbon tetrachloride. This rule is also 
confirmed. 

(3) Introduction of a double bond. It has been observed that usually 
the introduction of a double bond lowers the velocity. 

(4) Electric moment. It has been shown that molecules possessing an 
electric moment tend to show enhanced sound velocities. Examples con- 
firming the above statement are. 

( i ) Benzene and nitrobenzene. 

(it) Cyclohexane and cyclohexanone. 

(iii) Toluene and o-nitro toluene. 

As regards esters, the earlier rule says that they form a class by them- 
selves as they show a diminuition in velocity with increasing length of the 
alcohol radical. But from the Table II we observe that the values of sound 
velocities for esters i.c . for the esters of acetic acid do not differ much from 
each other. Therefore, it is difficult to say anything on this just yet. 
Further work is necessary to confirm this rule. 

On a re-examination of the empirical rules derived earlier in 1936-37 we 
find that all of them hold good as evidenced by this further work. 
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THE EFFECT OF FLUID MOTION ON HEAT 
TRANSMISSION. PART I -VERTICAL 
CYLINDERS 

By D. G. KAPADNIS 

National Physical Laboratory <>k India, New Qklhi. 

t 

(Received for publication, September 15, 1942)4 

ABSTRACT. In this investigation the effect of air stream on ('(Invert ive heat transfer 
rate has been studied under different ambient conditions and thft expei imoutal data are 
compared with those of previous workers in this field The experimental results show that 

(1) The heat transmission does not increase quite so fast as the air velocity— .the rate 
of heat Iransfer being proportional to 0.517th power of air velocity ; 

(2) As the characteristic dimension of the vessel is reduced its convective heat tiansfer 
per unit area per unit temperature excess increases ; 

(3) For an air stream striking the cylinder at an angle of 45 degrees the heat transfer 
rate is about three-quarters, and for flow parallel to the axis about one-half that for flow 
at right angles to the axis ; there is a small variation in heat dissipation for inclinations 
above 60 degrees ; 

(4) Clothing affects the heat tiansfer rate but the efficiency of insulation deteriorates 
with the increase in air velocity ; the double layer of clothing increases the effectiveness 
of insulation, but at higher velocities the protection effect of the garments is neglible in 
comparison with the effect of wind penetration. 

A hot body in steady motion through any real fluid or at rest in a moving 
current loses heat by three inodes of heat transfer. Losses by conduction 
and tadiation can be minimized by suitable arrangements and under these 
conditions most of the heat dissipation will be due to convection — natural as 
well as forced. Iu natural or free convection the fluid motion is caused solely 
by gravity forces due to difference of deuisty between the hotter and cooler 
parts, while in forced convection the fluid motion is caused by forces 
independent of the temperature of the fluid, such as externally imposed 
differences of pressure. The magnitude of forced convection depends upon 
the relative velocity, the physical properties of the fluid, the excess of 
temperature of the body over that of the fluid and the size and form 
of the body. 

Because of the immense variety of forms of heat exchangers there exists 
a vast variety of experimental results. These experimental results are mostly 
applicable only to cases which are similar to the special arrangements 
employed. Numerous formulae have been, and still are, conceived, and their 
field of application is more or less restricted. Only very few amongst them 
satisfy the theoretical requirements as to their mathematical form. 

In the cases of flow of hot gases through the tubes of a boiler (Nicholson, 
1909), flow of liquids and gases through pipes (Stanton, 1897 ; Jordan, 
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igog ; Nusselt, 1909), heat losses from honeycomb radiators, etc. , the rate 
of heat transfer is proportional to the w-tli power of air velocity where n 
varies from 0,75 to unity ; while the experiments on heat dissipation from hot 
wires of small diameter in an air current show that the value of n is about 
0.5 (Davis, 1926). Riittner (1934), interested in heat losses from human body, 
arrives at h = o. 52 in experiments on convective heat losses from spheres of 
various sizes in a current of air. The experimental data of Winslow and 
others (1039) who tivat the human body as a 7 cm cylinder or 15 cm sphere 
fits in eithei of the two foinntlae in winch the value of n is 0.5 or unity. 
Hilperl (1033) carried out a systematic scries of experiments for thill wires 
as well as cylindrical tubes of different diameters in aii and found that his 
results could be expressed as 

(Nusselt ’s number) — /* (RenoKTs number) * 

The values of B decrease while those of >1 increase with the RenoJd's 
number They can, however, within the limits of experimental error, be 
treated as constant quantities in limited ranges of Remold's number. 

Cylindrical bodies chosen by vaiious workers were either thin solid wires 
or hollow tubes and pipes heated electrically or by some mechanical means. 
Horizontal cylinders have b;cn studied in detail in both gases and liquids, 
but very scattered information is available for vertical cylinders. As more 
experimental evidence is necessary for the satisfactory understanding of the 
thermodynamics of heat-interchange between the body and the surroundings 
under different ambient conditions it was thought worthwhile to try an 
experiment of heat dissipation from vertical cylindrical vessels of different 
sizes filled with hot water ami placed in a current of air under different ambient 
conditions in order to study the effect of fluid motion on heat transmission, 
and to compare the results obtained with those of previous workers in 
this field. 


EXP K R 1 M R N T A h A PRAN O R M R N T 


A partial theoretical solution of this problem of determining the rate of 
heat transfer per unit area per unit difference of temperature for a heated 
vessel in a gas can easily be arrived at by using the well-known method of 
dimensional analysis dealing with the dimensions of mass, length, time and 
temperature as fundamental. Based on various assumptions as to the factors 
involved dimensional analysis gives for forced convection the Nusselt’s 
equation. 


A AO 



... (1) 


where 


d£ 

dT 


^the rate of heat transmission. 


Z> = the characteristic dimension of the vessel, 
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A =area of the vessel exposed, 

= excess of temperature of the surface of the vessel over that 
of the surrounding fluid, 

K — thermal conductivity of the fluid, 

V — fluid velocity, 

C = product of the specific heat and the density of the fluid, 

£ = ratio of the viscosity of the fluid to its density, 

IT = a constant, 

and m, n are unassigned numbers the values of whietji are to be determined 
from experimental data. * 

Expression (i) can be simplified because from both kinetic theory and 

experiment the numeric is constant for gases. 

K 


““ fr 

where B is the convection constant. The rate of heat transfer per unit 
area can be measured for different values of fluid velocity, characteristic 
dimension of the vessel, temperature excess and also for different fluids. 
If we plot the logarithms of the quantities in the parentheses against each 
other, a straight line having a slope equal to n will result. 

Eet us compute the effect of changing the velocity of the fluid stream 
alone on the heat transfer rate per unit area, all other factors remaining 
unchanged. Representing the logarithm of the quantity in the parenthesis 
Oil the right of equation (2) by X and that on the left by Y and expanding 
we have 


A' = log D + log V - log £, 
ami Y = l °8(^i + 

Taking differentials for the two cases involving a change of V only we get 

AX = A log V, 

and AY-Alog^j^ -fp) 

combining these, we get A log "jp - j = ^ ^ — f i) 

The effect of changing the characteristic dimension of the vessel alone 
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on the rate of heat transfer per unit area can be computed in a similar 
fashion. In this case we get 

AI °«(;sb : , ) A1 ° BD - <*> 

The experimental arrangement used by the present author and Gogate 
(1952) in studying the shape constant of the vessels was tried by the author 
in these investigations. Repetition is, therefore, avoided. Some necessary 
modifications were, however, made. The short focus telescope was not 
used, the surface temperatures of the vessels were measured by means of 
thermocouples and preliminary experiments were carried out in still air in 
order to obtain the radiation losses which also included the heat dissipation 
due to natural convection currents, and all the observations were corrected 
for these losses. 

The effect of fluid motion was studied by varying the air velocity from 
80 cm/sec to 1100 cm/sec. This air stream was forced on cylindrical 
vessels of different sizes ranging from 2 4 cm to 21.8 cm. The observations 
were repeated for three different values (30°, 50“ and 68°C) of the excess 
of surface temperature of the vessel over that of the surrounding ail stream. 
The air velocity and the rate of heat transfer were measured in the same 
manner (Kapadnis and Gogate, 1952) followed in their previous investigations. 

The electric fan was then slowly turned round its horizontal axis by 
steps in order to get the beam of air current striking the vessel at different 
angles, thus enabling the author to study the effect of inclination of the air 
current on heat transmission for different air velocities. 

The insulation effect due to single aud double layers of clothing made 
up as cylindrical covers to fit the vessel properly and covering it completely 
was finally studied for different air velocities by measuring the heat losses 
in the cases of bare vessels, vessels covered with single garments and those 
with two. 


RESULTS AND DISCUSSION 
Figure 1 gives a plot of the logarithms of the quantities in the 
parentheses of equation (2) namely, log ( JjS. & ) against log ( ™ ), 

which slightly concaves upwards, but is practically a straight line in all 
the cases of vessesls tried for different air velocities and for different 
values of temperature excess, a typical set of the actual observations being 
recorded in Table I. The slope of this line, i.c. the value of the index », in 
these experiments, is equal to 0.517, showing clearly that the rate of heat 
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transfer is proportional to 0.517th power of air velocity. The experimental 
data lie reasonably close to the curve which is represented by 


( i 

I v /1A0 


dQ 

dT 


D 

K 


)-•*>( y - H 


(s) 


A few points shown by the letter b in figure i, however, deviate considerably 
from the straight line representing the logarthimie plot" of equation (5). As 
these points correspond to velocities of the air stream 'higher than about ten 
metres per second, it means that at about this velocity of; ten metres per second 
the linear relationship represented by the straight line (pguie 1) breaks down. 



Fig. 1 

Buttuar (1934), in his experiments of heat losses from spheres of various sizes 
in a current of air, arrived at a similar result. 

The experimental value of the term , i-e., the slope of the straight 

line, found in these investigations is less than unity. Substitution in 

equation (3) gives 

A lo « (ji-i -g)-o.St7.AIog 


( 6 ) 
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Table I 

Effect of wind velocity on heat transmission in case of vessels of different 
sizes 

Mean value of heat loss in still air ... 0.00052 cals/s ec/cm 2 /°C 
Temperature excess . .. ... 30.o°C 


Diameter of 
the vessel, etn, 


2 4 


5 2 


10.3 


r velocity, 

Heat tiansfct rate 

VI) 

1 dQ 

cm /see 

cals/cni 2 /sec/°C, 

£ 

A A# dT 

So 

5.04X10*4 

1060 

22.4 

155 

■ 6.42 

2060 

28.5 

242 

, 7 05 

3220 

35-3 

326 

().6o 

4340 

42 7 

4°5 

1 1 08 

5390 

49.2 

4 «7 

H.76 

6 4 So 

5 2 *2 

* 6.3 

12.8c) 

7470 

57-3 

S44 

13-^2 

*570 

60.5 

72 T 

14 20 

959 " 

63. i 

805 

I.S .39 

IO7OO 

68 4 

882 

16.34 

11700 

72.6 

967 

17 75 

1 2900 

78.9 

1020 

j 8 . q8 

1 361 

« 4-3 

1095 

2 T.OO 

14600 

93 3 

80 

3-19 

2310 

3 C --7 

*55 

4-65 

4470 

44 9 

242 

5-63 

6970 

54-2 

326 

6..n 

9400 

6I.9 

405 

7.22 

1 1 70 0 

69 -.S 

487 

8. 06 

14001 . 

77.6 

*63 

«■ 3 « 

10200 

80 7 

644 

9-21 

t8Aoo 

90.8 

721 

9 94 

20800 

95-7 

80 s i 

>° 31 

23200 

99 5 

PX2 ! 

11 13 

25400 

to 7.2 

c />7 

12.37 

2 79< »o 

119.1 

1'* ?<> 

1347 

29400 

129.7 

TOQ5 

14.67 

31600 

3 



4740 

41.8 

80 

1 2.11 


66.4 

T 55 

! 3-35 

9190 


242 

i 4> 2 1 

14400 

79 4 

326 


19300 

" 5-5 

4°5 

; 5-12 

24000 

101.4 

487 

; 5-66 

28000 

112.2 

5*3 

1 5.96 

334 < ,( > 

118.0 

644 

A 67 

38200 

132.1 

721 ; 

6.07 

42800 | 

138-0 

«'js 

7- *4 ; 

47/00 

i 5*-4 

8S2 : 

7 76 

5 2 3 f)r> ; 

153-8 

967 

8 17 

574 ™ 

161.8 

10 20 

8 97 

60500 

I 7/.8 

TOQ5 

9.68 

6490c * 

191.9 

80 

1 .89 

6650 

52.5 

155 

2,67 

12900 

74.1 

242 

3*23 

20100 

89.7 

326 

4.02 

27100 

in. 7 

405 

4-43 

337 °° 

123.0 

487 

4 85 

40500 

134.6 
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Tabijj I (contd) 


Diameter of 

Air velocity, 

Heat transfer 1 ate, 

vn 

I dQ D 

the vessel, cm 

cm /see 

rals/cm 2 sc-c /°C 

t 

/ia« dr k 





- - - — 


5 6 3 

5-33 

46800 

147*9 

1 S- n 

6 14 

.5 68 

53600 

157.8 


721 

.S .07 

39900 

196.0 


805 

6.23 

6690* . 

i/ 3 -o 


882 

6. 5 1 

733 oo 

180.7 


967 

7 . 0 2 

So jot) 

105.0 


1020 

7*54 

84 S< in 

209.4 


io «)5 

8.31 

9 moo 

- 3°*7 


80 

1 .5 A 

96*70 

63.1 


1 55 

2 21 

18700 ; 

89.1 


2 '12 

2.66 

29200 

' 107.2 


126 

3-44 

39400 

139.0 


1°5 

3 60 

iqooo 

M 5 ^ 


4X7 

3 * 7 ‘> 

58800 

153*1 

21.8 

.5 A3 

4*3 1 

6S000 

i? 5-4 


*’W 

poi 

778* 10 

186.2 


727 

4-95 

87 joo 

200. 0 


805 

5*44 

69500 

219.8 


88 1 

5 55 

107000 

223.9 


907 

6.02 

1 1 7000 

243.2 


JO?l) 

6 34 

12 ]ooo 

255-0 


1095 

0.95 

1320*0 

280.5 

! 


For a specific case, consider an air stream blowing with a speed of 326 
cm/sec on the hot vessel of 15 cm diameter. For a change of V to 644 
cm /sec, nearly two-fold increase, the change in the rate of heat transfer 
per unit area per unit temperature excess will be an increase of 1 53 fold. 
The calculated and the experimentally observed values for the rate of heat 
transfer for this specific case cited are 6.14 x r rr 4 and 5.68 x icf“ 4 units 
respectively, showing a fairly good agreement within the limits of experi- 
mental error. Expressed qualitatively equation (6) means that the rate of 
heat transmission does not increase quite so fast as the air velocity. 

Similar reasoning, applied to equation (4) which gives 

A log -i-- 1= ■ 0.483 A log D (7) 

k 4A0 dT 

after substitution, reveals that for a change of T) from 2.4 cun to to. 7 cm, 
a 4.46 fold increase, there will be a 3.14 fold decrease in the 1 ate of heat 

dissipation, because the term 1^ is negative . The experimental value 

of the rate of heat transmission at a velocity of 563 cm/secfor D= 10.7 cm 
is 5.66 x to ~ 4 units while that calculated is 4.16x10 4 units in this case. 
Equation (7) intepretted in words means that as the characteristic dimension 
of the vessel is reduced its convective heat transfer rate per unit area per 
unit excess of temperature increases. 

The experimental data for these two cases is represented graphically 
3 — 1832P— 2 
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in figure 2 in which the convective heat transfer rate is plotted 
as a function of air velocity for five cylinders of different sizes. 
With the increase in air velocity all these curves in figure 2 rise 



steadily with a continuous decrease in slope. This is in close agreement 
with the interpretation of equation (6). For all the five vessels tried (he 
heat transfer rate increases, of course, with increasing velocity, but the 
curves for vessels bigger in size lie below those for the smaller ones, a very 
good agreement, indeed, with equation (7). The importance of this fact 
that as the diameter of a cylinder is reduced its convective heat tiansfer 
rate per unit area per unit temperature excess increases, in the design of 
gas-filled incandescent lamps, is, therefore, obvious. This also suggests 
that, in order to measure the temperature of the fluid with a thermocuple 
one should prefer very fine wires. This will help increasing the ease of 
heat exchange between the couple and the fluid. 

In figure 3, the convective heat transfer rate is plotted against the 
inclination of the air stream to the axis of the cylinder for different air 
velocities, the actual observations being given in Table II. The variation of 
convective heat losses for the inclinations above 60 degrees is very small. 
For the air stream striking the cylinder at an angle of 45 degrees the heat 
transfer rate is about three-quarters, and for flow parallel to the axis about 
one-half that for flow at right angles to the axis. 

Figure 4 represents graphically the variation of the rate of heat transfer 
with air velocity for a bare vessel and that covered with different layers of 
a piece of cloth. A typical set of observations is recorded in Table III, It is 
found in these investigations that the wind destroys insulation as it penetrates 
into clothing. The efficiency of insulation deteriorates at air velocities 
above 500 cm /sec. It means that more clothing may have to be worn in 
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<> 30 60 fjpj 

Inclination in degrees 

Fig. 3 


Table II 

Kffect of inclination of air stream to the cylinder on heat transmission 
Characteristic dimension of the vessel =15.0 cm 
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the wind to furuisli a specified amount of insulation. Clothing principally 



200 400 600 Soo 1000 

Air velocity in cm /see 

Fm. 4 


affects the heat transfer. There is another physical phenomenon which is 
of considerable consequence in this case, and that is the tendency of the 
gases to form relatively thick and stable layers at surfaces, the thickness of 
which decreases rapidly with the increase in an* velocity (Newburgh and 
Harris, 1945). At a velocity of about j.s metres/sec the layer is reduced to 
a fraction of a millimetre and is negligible as insulation. 

Table III 

KfFcel of insulation on heat transmission 
Characteristic dimension of the vessel — 21. 8 cm 

| Rate of heat transfer pei unit area per unit temperature excess in 

Air velocity 1 cals/sq. ctii/&cc/deg C for 

cm /sec | 

i I 

j bare vessel i vessel with single cover vessel with double covoi 


I 


80 

l.KqXlo * 

1 .3 5 X in 4 

0.85 X 10 

155 

2.67 

2.08 

1 .70 

242 

3-23 

2 A )2 

2.61 

32* 

4.02 

3.66 

3 * 4 ° 

405 

4-43 

4 . ’3 

4-03 

487 

5*3 

4 - «5 

5 - 33 

1 - 7 ° 

5 in 

4 - 3 * 

4 -97 

644 

5.68 

5 - 5 " 

5-4u 

721 

,S .<>7 

5 Hu 

5-71 

805 

6.23 

ft 1 2 

6 04 

882 

6.51 

•' 46 1 

6.39 

967 

7.02 

ri. 7 R 

fi -73 


This layer of air, therefoie, act" as insulation to the vessel — bare as 
well as clothed. The layers of clothing trap additional layers of air, thus, 
increasing the effectiveness of insulation. But at higher velocities the thick- 
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ness of these insulating layers of air rapidly decreases and also the protection 
effect of garments becomes negligible in comparison with the effect of wind 
penetration. This is obvious from figure 4 . The insulation effect will 
also depend upon the nature, size and material of the fabrics of which the 
piece of cloth is made. 

The range of data for air flowing normal to single cylinders tried by 
various workers are recorded in Table IV in order to give the comparative idea 
of the experimental work done in this field. Figure 5 shows a logarithmic 
plot of the experimental data of these workers with that of the present author 


in the range of 


from io' 1 to io\ The results of the author for Renold’s numbers 


upto about io 4 show somewhat higher rates of heat tianstnission than those of 



Fig. 5 

other workers. The values obtained are, however in line with those of Reilier 
(1925) and Vornehm (1932), but hot air stream was forced on cold pipes in their 
experiments while the reverse was the case in the present author's experiments. 


Still, however, for single cylinders in the range of 


from io : * to 10 s the dimen- 


sionless equation (5) obtained from the experimenta data of the present author 
represents the data of various workers in this field within ±20 % . The curve 
recommended by McAdams (1951) which represents the experimental data more 
closely is also drawn in the same figure. 
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Tabu* IV 

Range of data for air flowing normal to single cylinders 
Atmospheric pressure — one atm. 


Observer 

Cylinder or pipe 

1 Air 
temp. 

Suiface temp, of 

Air velocity 


diameter in cm 

deg C 

i 

pipe or cylinder deg C 

1 

cm /sec 

Gibson (19 24) 

9-5 

20 

88 

271-1554 

Griffiths and 

3.18 — 8,26 

. iS-3 1 

28-49 

76 — 610 

Awberv (1933, 193?) 
Hilpert <1933) 

0.0019—13.0 

21 | 

93-110 

183-2957 

Hughes (1916) 

0.43-S 50 

; 15-6 | 

ICO 

0-1524 

Paltz and Starr 

8.26 

1 21 

100 

700—1220 

(IQ 3 *) 

Reiher (1925) 

1.5 — 2 8 

1 260 

l 

21-35 1 

274-579 

Small (1935) 

11.4 

1 21 ! 

77- y* i 

152 — 1219 

Vornehm (1932) 

2.41-3 05 

199 

27-4* ! 

122 — 762 

Present Author 

2.4 — 21 8 

30 

1 1 

60 — 98 j 

8 ’ -1095 


This work is expected to throw some light on the understanding of the 
thermodynamics of the heat-interchange between the body and the surround- 
ings under different ambient conditions. 
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THE RAMAN SPECTRA OF 1, 3-DIBROMOPROPANE 
AND 1, 2, 3-TRICHLOROPROPANE IN THE 
SOLID STATE* 

By U. M. 13ISHUI 

Optics Department, Indian Association kok the Captivation or Science, Calcutta 32 
(Received for publication , October 2Q , 7952) 

Plate VII 

ABSTRACT. The Rnman spetra of 1, 3-dibromopropane and i, 2, 3 triehloropropane 
have been investigated in the solid state at -i£o°C. It has been observed that in the first 
case some of the Raman lines disappear with solidification, while in the case of the second 
liquid all the prominent Raman lines persist even when the liquid is solidified and 
cooled to - i8o"C. It is pointed out that although the results reported bv previous workers 
indicate the presence of two rotational isomers even in the case of ..normal paraffins in 
the liquid state and disappearance of one of the rotational isomers with the solidification of 
the liquids, the results ohservi d in the ease of 1, 2, 3-trichloropropane do not indicate such 
disappearance of one of the isomers with the solidification of the liquid. It is pointed out 
that the presence of extra lines cannot be due to presence of two isomeric molecules in the 
liquid state of this compound 

INTRODUCTION 

The Raman spectra of many substituted paraffins have been studied 
previously by several workers at different tempei atures and in different states, 
and results have been interpreted on the assumption that the liquid state 
contains two isomers, one of which disappears in the solid state. Even 
in the case of some monosubstituted propanes, c propyl halides also, 
such a disappcatance of some of the Raman lines has been observed 
previously (Mizushitna et at, 1040 ; Bishui, 1948a). 

In order to veiify whether disubstituted and trisu bstituted propanes also 
behave in the same way as monosubstituted propane, the Raman spectra of 
1, 3-dihroniopropane and i t 2, 3-trichloropropane have been studied in the 
liquid and solid states in the present Investigation. 

It XPERT MENTAL 

The liquids i, 3-dibromopropane and 1, 2, 3-trichloiopropane were 
procured from lb D. H. (London) and Fisher Scientific Company (New York) 
respectively and redistilled in vacuum. The apparatus used in the present 
investigation for the study of the Raman spectra of the substances in the 
solid stale at low temperatures was the same as described earlier (Bishui, 
1948b). The liquid was put in a Pyrcx glass tube held in a vertical position 
in the transparent liquid oxygen container of Pyrex glass. The liquid oxygen 
was transferred to the transparent Dewar vessel by an arrangement with Cenco 

* Communicated by Prof. S. C. Sirkar 
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Raman spectra 


Fig, 1. |, 3-Dibromopropane at 30 C. 

Fig. 2 .. « 180 C - 


Fig. 3. 1, 2, 3- Tricliloropropane at 30"C. 


Fig. 4. 


180' C. 


4916$ 
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Hyvac pump so that the level of the liquid oxygen was initially much below 
the bottom of the container containing the liquid .which was thus cooled very 
slowly. Consequently, the process of solidification was very slow. The 
frozen mass thus produced was transparent. 

A Fuess glass spectrograph having a dispersion of about 14 X per mm 
in the region of 4046 X was used. The tsi&nsprent solid mass was 
illuminated by light from two vertical mercury arc* condensed by two glass 
condensers placed on opposite sides of the eoqfainer. Cobalt glass filters 
were placed in the path of the incident rays to cut $>ff continuous background 
in the blue-green region of the spectrum. The Rajsian spectra of the liquids 
at room temperature were photographed in the ust|M way. 

RESULTS AND DISCUSSION 

The spectrograms for the liquid and the solid Itates of the two substances 
are reproduced in Plate VII. The frequency-shift* arc given in Tables I and 
II iu which the data for liquid stale reported by previous workors are also 
included for comparison. The visually estimated intensities of the lines are 
given in the parentheses. 


Tablb I 


1, 3-Dibromopropane BrCH 3 .CH a .CH 2 Br 


Iviquid at 30 *C 

Solid at -i8o*C 

Kohlransch and Ypsilanti 
(1936) 


Present author 

187(6) 

188(3) e, k 


2 ii(ab) 

2 to (2b) e, k 

230(0) e, k 

313(2) 

3i5(ib) e, k 


378(3) 

374 ( 3 ) e. k 

— — . 

421(7) 

428(4) c, k 

426(1) e, k 

550(10) 

552(5) e, k 

552(2) e, k 

562(10) 

564(5) e, k 


S8q ( 15 ) 

589(6) e, k 

594 (3) e, k 

648(9) 

654 (5) e, k 


696(4) 

696(2) e, k 



757 ( 3 ) 

768 (ib) e, k 


855 ( 4 ) 

861 (ib) e, k 

861(0) e, k 

943 ( 3 ) 

952(1) e, k 


998 (i) 

1046(5) 

998(0) e, k 


1117(3) 

1240(3) e, k 


1170(0) 

1295(3) e, k 


1236 (8b) 

i 353 (i) e, k 

- 

1291(4) 

1417(2) e 


1340(1) 

1438(4) e, k 


1417(5) 

1437 ( 6 ) 

3830(1) k 

2858(2) k 


3840(3) 

29 ° 9 f 5 ) k 

3909(4) e, k 

2008(7) 

2930 (4b) e, k 

2930(3) «» k 

39 66 (10) 

2972(6) e, k 

3973(4) e, k 

3016(3) 

3008(4) e, k 

i 

2998(2) 

301 s(i) e, k 


4— »83*B— a 
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Table II 


i, 2, 3-Tricliloropropane CL H a C. CH (Cl). CH a Cl 


Liquid at 3o*C 

Solid at— i 8 o*C 

Kohlrausch and Ypsilanti 
(i 93 6 ) 

Present author 

Present author 

188(0) 

88(2) e, k 

138 (0) e 

190(0) e 

94 ( 2 ) e. k 

227(0) 

2«K(s> 

237(0) e 

294(6) e, k 

292(2) e, k 

3 .s 6 (d 

357 ( 3 ' c, k 

357(0) c, k 

381(1) 

387(2) e, k 



412(1) 

418(2) e, k 

— 

5 IQ (3) 

524(1) e f k 

524(1) e, k 

628(1) 

637 io) e, k 

632(1) c, k 

660(6) 

667(6) e, k 

664 (3) e, k 

716(4) 

710(5) e, k 

718(3) e, k 

746(8) 

752 (6b) e, k 

752(4) e, k 

863(3) | 

872(3) e, k 

872(c) e, k 

906(0) 

905(0) e, k 

— 

93 l(o) 

934 (o) e, k 

— ■ . — 

99 ° ( 1 ) 

995(2) e, k 

1094(4!)) e, k 

1005(1) e, k 

1090 (1) 

1094(1) e, k 

1198(2) 

1190(0) e, k 

. — 

3283(3) 

1285 (2b) e* k 

1280(0) e. k 

1338(0 

* 347 (ib) e, k 

1347(0) e, k 

i 432 ( 3 b) 

1438 (5b) c, k 

1440(1) c , k 

2860(2) f 

2962 (8b) c, k 

2966(2) e, k 

2960 (10b) 

3008(6) 

301 sUb) c, k 

3024(2) c, k 


DISCUSSION 

The results given in Table 1 show that in the case of i, 3-dibromopropane 
in the liquid state all the lines observed by Kohlrausch and Ypsilanti (1936) 
are observed in the present investigation excepting the lines io4&> 1117 
and 1170 cm' 1 . The first of the three lines was found to be definitely absent 
and the other two supposed to be excited by 4046 X are actually the antistokes 
frequencies 650 and 597 cuf 1 excited by the 4358 A line. The corres- 
ponding lines excited by the 435$ A lines could not be detected. So the 
liquid studied was the same as that studied by Kohlrausch and Ypsilanti 
(1936), It is observed from Table I that the strong lines 374, 564, 654 and 
1438 cm" 1 disappear with the solidification of the liquid. In the case of 
w-propyl bromide only one of the lines due to C-Br valence oscillation 
disappeared with solidification (Bishui, 1948a) while in the present case the 
two lines 564 and 654 cm*" 1 probably due to such oscillations disappear 
when the liquid is frozen. Similar results observed in the case of n-propyl 
chloride were explained by Mizushima, Morino and Nakamura (1940) on 
the assumption that the liquid contains two types of isomeric molecules one 
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of which disappears witli solidification. If similar hypothesis is applied in 
the present case it is found that the disappearance of the strong line 1438 
cm -1 due to C-H deformation oscillation cannot be explained. 

It is observed that the lines due to C-H Valence oscillation b come 
sharper with solidification of the liquid and the line 300S cm -1 splits up 
into two lines at 2998 and 3012 cm' 1 respectivelj, If it is assumed that 
the two lines 564 and 654 cm -1 are due to C-Br| vibration in one of the 
isomeric forms of the molecule the other two lines 5I2 and 594 cm -1 are the 
corresponding lines due to the other form. If tl^se frequencies for the two 
forms be so different from each other the frequencies of C-H oscillations of 
the two forms also ought to have been slightl^ different from each other, 
but actually all the prominent lines due to C-H faience oscillation persist 
in the case of the solid state. " 

The results given in Table II show that all the prominent lines observed 
in the case of i, 2, 3-tricliloropropane persist when the liquid is solidified 
at — i8o°C. As the the three chlorine atoms are attached to three different 
carbon atoms, different isomeric molecules can be formed by rotation about 
the C-C bond. Even in the case of n-paraffins Sheppard and Szasz (1949) 
have observed that some of the Raman lines disappear with the freezing of 
the liquid and they have explained the results on the assumption that one 
of the two isomeric forms disapears in the solid state. The persistence of 
all the lines in the case of solid 1, 2, 3-trichloropropane thus shows that 
the presence of two types of isomers in the liquid state of this compound 
cannot be assumed to explain the presence of any extra lines in the Raman 
spectrum of this substance. There are 17 lines of frequency-shifts below 
1100 cm” 1 excluding the line 88 cm -1 in the Raman spectrum of 
this liquid, while in the case of 1, 3-dibromopropane there are 14 such 
lines. The number of heavy atoms in the former molecule is six while in the 
latter case it is five. So the extra three lines in the former case is due to 
the additional chlorine atom attached to the central carbon atom. The 14 
lines in the case of 1, 3-dibromopropanc, however, are not due to a single 
molecule, as some of them disappear when the liquid is frozen. Hence in 
the case of 1, 2, 3-trichloropropane also these seventeen lines cannot be due 
to a single molecule. Since all of them persist in the case of the solid they 
cannot be due to two isomeric forms of the molecule. The only other 
alternative explanation which can be offered is that in this particular case 
the presence of three chlorine atoms in molecule makes the molecule 
strongly polar and the molecules are strongly associated both in the 
liquid and solid states. This hypothesis can be tested only by investigating 
the Raman spectrum of the substance in the vapour state, but as it 
is very difficult te record the feeble Raman lines in the case bf vapour 
no attempt has been made to verify the hypothesis. 
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ABSTRACT. In Part II of the present paper it was pound that several instances of 
the existence of the effect of the long range fields, 111 paramagnetic salts of the first half of 
the iron group of elements, arose, in spite of the conditions there being unfavourable for 
such observations. In the second half of the iron group the removal of orbital degeneracy 
by the cubic field in the first approximation, is less perfect. Tti consequence, Jahn-Teller 
distortions of the whole crystal lattice occur, giving rise to deviations from cubic field and 
hence further removal of the orbital degeneracy and to some extent the spin degeneracy. 
The spin-orbit coupling restores some of the orbital moment and at the same time causes a 
restraint on the orientations of the spins. These also lead to Jahn-Teller repercussions 
throughout the crystal lattice and to the final stabilization of the Sfnrk-energy levels. It is 
thus seen that the final stabilization of the energy in the paramagnetic salts is dependent on 
the long range field*, especially when removal of orbital degeneracy by the cubic field is 
imperfect. Clear evidence of this is found frem the salts of the ions Fe ++ , Co ++ , and to 
a smaller extent of Ni ++ . Evidence from Cu ++ salts is inconclusive for various reasons. 

1 INTR O I) IJC T I O N 

In the previous part of this paper (Bose and Mitra, 1952) we found a 
small but appreciable effect of the changes in the crystalline electric fields, 
on the magnetic behaviour of the ions of the first half of the iron group, 
arising from the changes of the ions and dipoles lying outside the immediate 
neighbours of the paramagnetic ion. It was discussed there that the 
Jahn-Teller conditions of stability for a paramagnetic ionic cluster, when 
extended to the entire crystal lattice may be enough to explain the removal 
of the degeneracy of both the spin and the orbital states of the paramagnetic 
ion. 

In the second half of the iron group the orbital contributions to the 
magnetic moments are in general large, even when the lowest cubic state in 
the Stark-pattern of an ion is non-degenerate, and we expect here a corres- 
pondingly larger deviation of the moments from salt to salt and from solid to 
solution* containing the same paramagnetic ion. 

DISCUSSIONS 

The exprimental data are much more extensive and reliable in the 
latter half of the iron group than the first. But here again the variations of 
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the results from author to author make it extremely difficult to compare the 
absolute magnitudes of the actions of the long and short range fields. We 
take up, as before, the results represented in the form of graphs of the square 
of mean effective moments against the absolute temperatures (figures 1-7) • 



Fig. 1 

A* 4 versus T curves for Fe ++ suits, 
r. 0 -*- Jackson— (a) FefNrijSOpa^lIjO ; lb) FeSO4.7H.jO 
3. x - - - Onnes atul Oo«terhnis — FeSO* 7ll a ( > 

3. □ - - - Ishiwnra — FeSOj 7H a O 

4. I Foex— Ve(NH«S0,)j.6H,0. 

(1) Fe** salts. From the fact that an orbital triplet 1\, lies lowest in 
the Stark-pattern of the octahcdrally coordinated salts of Fe 1 + ion we should 
expect large orbital Jahu-Teller distortions of both the long and the short 
range structures in such salts (Bose and Mitra, 1952). Thus, in the two salts 
studied, namely, FeS0 4 .7H a O and Fe (NH 4 ,St ) 4 ) a .6H 2 () in both of which 
Fe ++ ions are surrounded by an octahedron of 6 water molecules, the 
differences observed in the temperature variation curves of the moments 
(figure 1) must be due to differences in the long range fields alone, On an 
examination of the curves, we can immediately discard Ishiwara's (19x5) and 
Foex’s (1921) measurements as being wholly unreliable. Then, even admitting 
rather large differences in Jackson’s (1924) and Onnc’s (1934) curves for 
FeSO«.7H a O as being due to systematic errors in calibration or tendency for 
oxidation of the salt, it will be seen that a fairly large difference exists between 
the curves of the above two salts. It is known from the X-ray structures of 
the two salts (Hofmann (1931) ; Becversand Schwartz (1935)) that the crystals 
of the two salts, though both monoclinic, are not in the same space group, the 
single salt belonging to CV with 16 molecules in the unit cell and the Tutton 
salts to Ca* with two molecules. Of the two salts, the former evidently 
has a lesser internal symmetry and it is therefore very satisfactory that 
it actually shows a larger quenching of the effective moment. It is further 
interesting to note that at low temperatures the curve for FeS0 4 .7H a 0 is less 
steep than that for the Tutton salt, showing lesser influence of the spin 
quenchings as also of the higher order field terms in this region. Represen- 

* For fall references please see Part I of the present paper (Bose and Mitra) 
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Fig. 2 

M 2 versus T curves for Co ++ salts 


liartlett - - - 0 

2 Janes - - □ 

3 - 

Jackson - . . x 

a. Co(KS 0 4 ) 2 . 6 H 2 0 

a. C0SO4.6NH3 

a. 

Oo(KSC> 4 )j6H./> 

b. Co(NH|SG 4 ) 2 .6II ii O 

b. K 2 Co(SCN) 4 . 4 H 2 0 

b. 

CoS 0 4 7H/> 

C. CUSO4.7II/ > 

c. CoCl 2 .6NfT 3 

c. 

Co(RbS(J 4 ),. 6 Il ,0 


d. Co(CN) 2 . 2 H 2 0 

d 

Co(KS 0 4 ) 2 . 6 H 2 0 



c. 

Co(Nri 4 SO 4 ) 3 .0H/j 



/ 

CoS 0 4 . 7 H 3 0 

C'hatill jn - - i 

5. Serres - - A 



a. CoClj.HjO 

CoS0 4 .7H 2 ( J 



b. CoCI 2 .6H 2 < > molten blue 

6 . Mercier .. — 



r. C0CI2.OII3O solid. 

CoCl 2 soln in methanol. 





pi versus T cuives for solutions of Co ++ sails. 
Author - Chatillon — a. CoCl^ soln in amyl alcohol. 

b. CoCl 2 s»ln. in ethyl alcohol 

c. (0oNO 3 ). 2 aq. soln. 

d. CoCl 2 and C0SO4 aq. soln. 






A=7-38a rone, gms./ioo c.e. soln. 

0 = 2.63 

T* = 4-434 

6 = 1.75 

C = 3.957 

f = 1.05, 

D = i -477 

d= .52; 

E* -743 

c = .26. 

F® .336 

/= .13 

O® .118 
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l* versus T curves for Ki 1 1 salts.? 

Serres — O ' 

a, N1SO4..S.5H2O : b. Ni(NTI, So,) 2 611,0: c. NiSO^IIjO: < 1 . NiS0,.6II 2 O; 

c. NiCIj^HjO : f. NiSOi T .nTI 2 () * g N1SO4.HO /,. N1SO4.7II.jO. 

Jackson- -□ -a. NiSo 4 . 7 !! 2 o : b. Ni(NII, SOj) 2 .r>H 2 0. 
dc Ilaas ami (»ort»*r ..A — N1SO4.7ll.jO 

Janes--- X-fl. Ni(N0 3 ) a .hII 2 O; b. NiSo,.oIU); c. Ni(Nf(» 2 .4NTI 3 ; d 9 NifCNlAUNHj 


15 

M* 11 





260 280 300 320 340 360 

TK 

Fig. 6 

/ll 3 versus 7’ curves for solutions of Ni 1 i salts. 

Autlioi — Fahlcnhiach. NiCl 2 Solution 

1. After aging , independent of cone. 

a ---7.310, 3 412, 1.707, .5845 gms. per 120 cc. solu. 

2. Freshly prepared ; dependent on cone. 

b = 4.271 c-= 1.073 </ -0.429 






-t* n —<■>* 
-v. \-o~o 

t 


40 So 160 200 >40 280 320 360 400 440 

t°k 
Fig. 7 

fj$ versus T curves for Cu +4 ‘ salts and their solutions. 

1. O — Birch— a. C1nSO4.5II.jO, b CuCi*. 2H 2 o, c. Cit?O,.H a 0; d. CuCI 2 soln. ; e. CuCl 2 soln. 

4. O • - - Bartlett — Cu(IvS( ^Ij.fjIIjO and Cu(NH 4 S()4) a .hH 2 0. 

3- A — de Haas a id Goiter— CL1SO4.5II2O. 

4. X--- Hupse — Cu(KSf) 4 i a .6H 3 0. 

5. □--- Janes— a. CuSO4.4NH3.H2O; h. Cu(KS{J 4) 2 .6II 2 0 & Cu(NIT 4 S0 4 ) 2 .6II 2 0. 

6. i Reekie — a. Cn(KS0 4 ) 2 .6H 2 O; b. CuSo 4 5H 2 0. 

5— 1832P— *2 
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ting the curves by a three constant formula of the type, — 24 = A + BT 

i , as we did in the previous part of the paper ( I.c .) we find for the 
constants the following values (Table I). The differences in the A terms are 

Taupe I 


AnUior 

< >mic s ami (>> t r- 
im is 

lack •‘on 
I >0 


Salt 


TcS( )( 7 T I ( ) 
I'eSo, 7 JU) 

rc(NTi 4 so,i 2 hn a ( > 


B 


1 


+4 57 

1 3- 1 
1 ^>-23 


-* .< >nl 

O 

4 - .no 1 7 


-51*4 

-25.6 
— 66 . 


mostlj due to differences in the short range fields, induced by differences in 
long singe fields. 1 he differences in the C terms' which aie well pronounced 
should he especially noted, as these come mostly from the differences in long 
lunge asymmetric fields, acting on both orbital and spin ‘degeneracies, 
becoming more prominent at low temperatures. Unfortunately, no tempeia- 
ture vaiiation data on solutions of he 4 salts art available from which we 
could estimate the full action of the long range fields in these salts. 

„ h , (7) C ° '■ 111 th0 Sl! uk-i>atterii of the octalied rally coordinated red 

Co salts an orhitally degenerate triplet V„ lies lowest and hence their 
behaviours should not be veiy much different from the similarly constituted 
he salts. It has been, bowevet, found that the case is complicated by 
the tendency of many Co -salts to form a blue complex with a tetrahedral 
coo.dmation, m the Mark-pattern 0/ which a singlet I\ lies lowest so that 
the behaviour approaches that of octahedrally coordinated Cr 4 + 4 or NU + 
sabs. Especially, in the state of solutions the two types of complexes may 

TOnTOiitottou ^mod^f tht,r ,ClaUVe a,nOUntS dependinK 011 temperature, 
iuterpretation’of tl,t res l! >reParat, ° n ’ prcvious treatment, etc., so that the 
contributions to tl "" * ,S not ° asy ’ Corresponding to the large orbital 

degree of 'rciU rain t on the red .“ ,t - ™ and also to a high 

fields we shoul 1 ,c sp,n ^ through spin-orbit coupling and the rhombic 

salts ^firs^Tfiginx 1 al anci* for^obvi ePrLSentat ' OI1S '* ** ,non,eut8 ° f the solid 

f r v t 

Co- ion, the difference in the distant a ! k ^ US 1,mnedlalel y surro «nding each 

alkali ions, e.g. K + , NH 4 4 or Rb* Th ' r C1ng onl y due to the different 
salt to salt in the sequence of j n cr«W H .' nteratoII,lc distances increase from 
sequence of mcreasmg ,omc radius of the alkali ions. The 
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water octahedron has a pseudo- tetragonal symmetry and the distant atoms 
have monoclinic symmetry about the Co* ’ ion. Unfortunately, the magnetic 
data on the moments vary considerably even for the same salt done twice by 
the same observer,- — vide the graphs for the potassium salt, also those for 
monoclinic CoS0 4 .7H a O by Jackson (1923, 192,], 1927 1933). It is also 
rather disquieting that the graph of the ammonium salt by the same author 
should show the highest quenching of the effective moment. Much signi- 
ficance, however cannot be attached to these aj also to the inflexions in 
the curve of the potassium salt nearabnut 8o°K, which are not confirmed by the 
other observations. Bartlett’s (1932) cuives for the'; same two Tutton salts are 
not very different ftom each other and actually cross. The importance of 
these data is, however, dubious owing to the very sdnall range of temperature 
used. 

In C0SO4.7II.jO, which is isomorphous with FeSt) 4 .7H a O, the Co* f ion is 
surrounded by a water octahedron but the actual internal symmetries of 
the atoms both near and distant are less than the Tutton salts. The data 
by Jackson ( l.c .), Serres (1932) and Bartlett ( l.c .) differ much from one 
another. On the whole, however, comparing all these salts one has to admit 
that without laying too much stress on the sequence of the changes from 
salt to salt, there exist fairly large differences in the moment curves of the 
salts, least quenching being for the rubidium salt and the highest perhaps for 
the heptahydrated sulphate, as it should be, in view of the increasing 
asymmetry of internal structure along the series. 

The clustering immediately round Co** ion in the hexaliydrated chloride 
is exactly as in the previous salts but the presence of Cl" ions marks the 
difference in distant atoms, of which the exact arrangements are not known, 
causing a larger quenching of the moment than most of the Tutton salts, 
as shown by Mile. Serres’ data (l.c.). 

CoCl a ,6NH 3 done by Janes (1935), in which Co*' is surrounded by an 
octahedral cluster of NH, instead of H a O as in the previous salts, shows a 
much smaller quenching effect of the NH S molecules compared to H a O, the 
case being similar to the rubidium Tutton salt. We might have expected 
the salt C0SO4.6NH* by the same author to behave not very differently. 
But the tremendous difference actually observed leads us to suspect that 
the magnetic ^behaviour of these ammines may be highly sensitive to changes 
in the long range fields. Much higher moment in the amminosulphate is 
evidently due to an incomplete splitting of the ground 1\ triplet in the 
Stark-pattern, the electric field on the Co'* ion being uniaxial ; and an 
inversion in JL\ triplet occurring owing to a comparable tnagilude of the 2nd 
and the 4th order rhombic fields, causing the doubly degenerate component of 
r 4 to lie lowest here, instead of the singlet as is probably the case in the 
amminochloride or the other Co * * salts (vide V +4 and V** salts,; Bose and 
Mitra Part II ; Van Vleck 1939)- 
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On the other hand, Co(CN) 2 .6H u O (Junes, l.c.) shows an abnormally 
low moment much below even the spin only value of 15, no doubt owing 
to strong covalency common in all cyanides and this abnormality therefore 
is moic the action of the near than the distant atoms. 

CoCl f .IT() done by Chatilloii ( 1927) at high temperatures shows much 
higher moment than the hexahycli ated chloride, which can only be 
explained as an effect of ferromagnetic spin couplings of similar 
ions, very likely to occur in view of its low magnetic dilution. 

CoCI 2 . 61 Ij() studied in the molten state (Chatilloii, /.c., figure 2; is 
somewhat complicated by the formation of a tetrahedral phase, but clearly 
shows the sudden rise in the moment as the lattice breaks down at the 
melting point and the long range fields vanish. The cobalt salts in aqueous 
solutions done by l y alleuiand (1935) and Chatilloii f/.c) f figures 3a and $b) 
also show similar behavioiu , though the same tendency foi tetrahedial 
cluster formation mars the possibility of observing to the best advantage, 
the result of vanishing long range fields in these solutions. By the way, the 
enormous variations of Ihc moments with concentration and temperature, 
of some cobalt salts observed by Kahlenbrach f 1 Q 3 2 ; figuie 2) can possibly 
be ascribed to such uncertain changes in the coordination of the Co* * ions. 
Iu the alcoholic solutions (figure 3) of the cobalt salts (1932) the effect of the 
above tetrahedral clustering is even more cicaily marked. The case of 
methanol solution of CoCl 2 (Merrier, 1935 ; figure 2) is, however, unlike 
anything else and the field here must be such as to cause an even heavier 
quenching of the spins at low temperatures than in the cyanide. 

I lie causes of the deviations from Ihe Curie law can be compared in 
the different salts by trying to fit the curves with a three constant formula : 


/*<if -15 


a + irr+ 

r 


flie values of the constants for the different salts are tabulated below miiih.- 
of the results for the solid salts and the solutions having been omitted as 

having been measured over a too restricted range of temperatures to serve 
much useful purpose. 

Two of Jackson’s results below, marked by query, might be explained 
as being due to the observer bavins picked up for measurement, as luck 
would have it, some diflcreut crystal modification ol tlie eorrespondin • salt, 
having quite different crystal field. But it would tie better to repeat these 
results before com, up to any conclusion. The oilier values on the same .salts 

more rebabir' “ e ' U '“ ° VCT “ " id " » f 'emperatures and are 

Oa a perusal ol the rest ol the table we cat, immediately divide it into 

cyanide* n7 ^ Uu ' S0 ' itMy “““ of aikydr.,cd 

. „ n , COUS,5,s of ,he bejitahydrated sulphate end the 
Tattoo salts, a„ hay,,,* compare, ive.y A v .l„es, 
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Table II 



Salt 

Author 

A 

B 

I C 

1 

1. 

C0SO4 7 H|0 

Jackson 

+ 900 

4- .00 id 

] 

i. 1 

-v 

2. 

-do- 

-do- 

4 6 81 

1 uf 191 

-S 9.1 

3 - 

Co(KS 0 4 ) !I . 6 H(> j 

-d - 

4-5 20 

4 - .01 17 

— 60.6 

4 . 

-do- 

-do- 

-f 17 9 j 

- 01 j 3 

— 1007 ( ?) 

5 - 

Co<NH 4 SO).,.6H.O 

-flu- 

4-5 1 O ; 

40115 ! 

! - 74 7 

6. 

Co(Rhso 4 ) 2 6rr 2 b 

-do- 

4-6 ' 

4--01N5 

-65 <s 

7 . 

CoS0 4 7 H a O 

Seires 

+5 77 ; 

-f 0060 

8 . 

CoCI 2 6H 2 U 

I'hatjllon 

4-9.71 

4 .001 

““ 54 ° 

9 - 

CoC 1 2 HjO 

-do- 

1 I I 8 i 

— 00 1 S 


JO. 

CoS0 4 6NII, 

Janes 

4-20 8 f 

4- 0039 

- 397 - 

11. 

CoClj 6NH 3 

-d<- 

4-13 7 f 

— 0015 

— 6go 

12 

K 2 Co(SCNj 4 /)II 2 0 

-do- 

4-7.4^ V 

4 < -0S5 

~77 8 

* 3 . 

Co(CN jjj.aFLjO 

-do- 

-.pig 

4 - 001)5 j 

-178. 


spin-orbit contribution from the uppei cubic levels. The C values are also 
comparatively smaller, pointing to a small exchange of population amongst 
the rhombic levels and only moderate lestiainl on the spins, through the spin 
orbit coupling in these salts. The values of the constants A, B, C change from 
salt to salt and though the variation is not systematic the genet al tendency 
is for the values to increase in magnitude towards the rubidium salt. This 
is iu the right dilection, comparing the internal symmetries of the sulphate 
and the double sulphates. 

The salt K a Co(SCN) 4 . 4 H a O (Janes, 1. c.) appears to have the contribu- 
tions from A, B and C terms not much different from the previous salts, the 
small difference seem’ug to indicate a crystalline field splitting of lessei 
magnitude in this salt. 

The other set of salts comprising the chlorides, hexammines have a much 
higher numerical values of the constants A, B, and C, which is possible only 
if as already mentioned crystalline fields are smaller and more symmetric 
causing a large contributions from upper cubic levels, from the rhombic 
levels of the lowest l\ triplet as also large spin quenchings through spin- 
orbit coupling and the rhombic field. The order of decreasing strength of the 
of fields is evidently along the series CoCb 6IIT), CoCl a H a O, CoCl 2 -6NHa 
and C0SO4.6NH3. However, as was mentioned previously in connection 
with the ammino-sulphate, it now appears probable that in all these cobalt 
salts the lowest triplet is only partially separated into a doublet and singlet 
by a (nearly) uniaxial field existing iu these crystals and the 2nd and the 4U1 
order rhombic fields are in such a ratio as to cause an inversion of the rhombic 
triplet in passing from 1st set of salts to the and set, so that the singlet is 
lowest in the first and the doublet in the 2nd This strengthens our former 
belief that the cobalt salts are very sensitive to even small changes in the long 
and the short range electric fields and provides us with a idee example 
of the Jahn-Teller distortional effects of the long range fields. 
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That the spin quenchings arc of the ist order in Co(CN) 3 .2H a O is shown 
clearly by the -ve value of the temperature independent term A, and the 
variations of the orbital contributions are also la ge as shown by the C term. 

(3) Ni 4 4 . In the octahedral ly coordinated salts of Ni +I ion, just like 
Cr 4 4 * ion, the \\ nondegenerate state lies lowest in the Starkpattern. But 
the spin-orbit coupling in Ni‘ 4 ion is -335 C1H as against +87 cm 
Cr 4 **. Also in Ni* 4 ion with X electrons as against 3 in Cr' ’ there is no 
Kramer's spin degenoiacy. Hence the spin-01 bit contributions from the 
upper cubic levels as also apin quenchings will be much larger. Evidently 
the effect of the long range fields should be more pronounced in the Ni 
salts. The results of the measurmeuts on the Ni 4+ salts are plotted in graphs 
of f*r.i j 1 against T(Fig). Excepting a few, c.g., the salt N1SO4.7H2O by 
Jackson (l.c.) which are known to be in ertor, and the salts Ni(NQ 3 ).4NH., 
and NilCNJaC.HuNH* by Janes M.c.l, which must have strong covalent fields 
acting in them, the rest only of the salts approximately obey the Curie Law, 
with squares of the moments differing appreciably from the spin only value of 
8, as aie to be expected. The percentage deviations of the moments from salt 
to salt are somewhat larger than in Cr 4 4 1 salts (vide Part II ). Furthei, the 
slopes of the curves ate markedly different at low temperatures. 

A three constant formula /*.•#* -8- A + BT1+ applied to these curves 
yields the values of the coefficients A,B and C as tabulated below'. 

Taui.Iv TIT 


Salt 

Author 

A 

— 

n 

C 

I. 

NiS0 4 .n. ; o 

Serres 

+ ? 28 

+ .0017 

-130. 

2* 

N1SO4.1 1311*0 

do 

+ 1.68 

+ .0O3S 

— 61.2 

3 * 

N1SO4.4H2O 3oo°-i.jo*K 

do 

+ *- i 

+ °°34 

t- 108. 


do 140**90* K 

do 

■) 1 79 

+ UO38 

+ 25-2 

4 - 

N1SO4.6H./) 

do 

+ 1.25 

+ .C035 

+ 62.2 

§• 

N1SO4.7HJO 

do 

+ 1 17 

+ 0033 

+ 77-7 

6 . 

NiS 0 4 .8 sHjO 

do 

+ 1.36 

+ 0034 

+ 107. 

7 . 

Ni(NH 4 S 0 4 ).,j. 6 H s O 

do 

| +1.62 

+ .0041 

+ 72.9 

s. 

NiClj 6H a O 

do 

+ 1 79 

+ .0025 

- 4 S .5 

9 - 

NiSU 4 6H a O 

Janes 

+ X.79 

+ t OI4 


10 . 

NuNOjl* 6H a O 

do 

+ I -93 

+ .0017 

— 

11. 

NuNOj) 4NHj 

do 

“5 45 

+ .0023 

~ 23.3 

12. 

NitCN) jCgHj.Nl-I j 

do 

“3 14 

+ .0012 

+6 04 

* 3 * 

N1SO4 7II/ > 

de Ilaas 

+ j.Sa 

+ .0022 

+ 4-45 



& G or ter 




14. 

do 

Jackson 

+8 99 ( ?) 

- >0193 

““102. (?) 

IS* 

Ni(NH 4 S 0 4 >2 6HjO 

do 

+ 2.20 

+ .0002 

-31 4 (?) 


The largest number of salts studied, are by Mile Serres (1933) but unfortu- 
nately the structures in most cases are not known. Evt-u, in the hexhydrated 
and heptahydrated sulphates and the ammonium Tutton salt, where structures 
are known, the salts are not isomorphous so that it is difficult to compare the 
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action of the distant atoms. In these three salts and the hexhydrated chloride 
the Ni' 1 "’' ions are all surrounded by 6 water molecules- The heptahydrated 
sulphate, being the most asymmetric structure of these should have the 
smallest value of the coefficient A and next in order should come, the Tutton 
salt, the hexahydrated chloride and then the hexahydrated sulphate. Excepting 
the value for the last, which appears to be rather: too small, the other salts 
fall in a right sequence. It may be noticed that Janes’ measurements for 
the hexahydrated sulphate and nitrate place them approximately in their 
coriect position in the sequence- The large discrepancies in the values of 
the constants in the salts NiS0 4 .H 2 0 and Ni$0*.i.i3H a 0 cannot be easily 
explained though it is note worthy that the compositions of the salts are rather 
uncertain and the coordinations unstable. Further, exchange interactions 
are of importance in such magnetically concentrated salts. 

The negative value of the C terms in the above two salts as also in 
NiCl 2 .6H 2 G should be noted indicating a total quenching of the moments 
below liquid hydrogen temperatures. The high + ve values of C for most of the 
other salts done by Serres may not have much significance in view of the fact 
that for the salt NiSO.,:7H 2 0 Series’ value for C is + 77.7, as against the 
value of +4.45 by Goiter and de Haas, (Leid. Com ml done with great care 
over a wider range of temperatures, though the absolute value of the moment 
may not be as accurate as that of Serres NiSO4.4H.jO is interesting in that its 
crystalline fields above i^o’K, resembling NiS(),. 6 H 2 0 and NiSG 4 ,8,5H a O arc 
very much modified below I40°K, approaching the behaviour of 
NiS()4-7H,0 of Gorter and de Haas and of NiCl 2 .6H 2 G of Serres, indicating 
vety different internal symmetries above and below i4o°K. 

It is of course possible that differences in the signs and magnitudes of 
the C terms in different salts might be partly due to exchange effects and 
partly of the changes in the action of the distant atoms to which the rhomic 
field constants are highly sensitive. It is noteworthy that in the field theory of 
Penny and Schlapp (1032) th?y have taken into account only the A and B 
terms in the mean moment of Ni J '\ C term being accurately zero. But they 
have not considered the action of the distance atoms in this theory which may 
have quite important contributions to the C term. 

The two complex salts done by Janes (/ c.) are definitely strongly 
covalent as is shown by the strong quenching of the moments. The values 
of A, B, C for NifNH 4 SO ( '2.6H 2 0 by Jackson (l.c.) are quite different from 
Serres’ and incompatible with the previous accounts. 

As regards the measurements on solutions at different temperatures the 
only data are by Fahlenbrach ( l.c. ; figure 6) giving wide variations of the 
moment, with concentration and temperature which are contrary to room 
temperature measurements by most of the other authors as indicated in Part I 
(l.c), and are inexplicable except on grounds of large uncertain changes 
in the compositions. So we leave these out of our consideration. 
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(4) Cu +t ion. The doublet 1% being the lowest level in the Stark- 
pattern for oelalieclrally coordinated Cu 1 ' salts, we should expect them to 
behave similarly to the Cr + * and Mil'** salts. Hut the spin moments in 
the two cases are one llohr magneton against four and also the spin orbit 
coupling is very much larger in Cu* * than in Cr‘ + or Mn + + + . Actually, the 
behaviour of Cu* * is mo-e resembled by the tetrahedrally coordinated Ti +++ 
or V** ion if we do not consider the differences in the spin-orbit couplings. 
All of the copper salts discussed here appear to obey the Curie law very 
well over a wide range of temperatures, except the three salts by Birch 
(1928) of which CuCl 2 . allot) and CuSO,.H s O are certainly rather concentrated 
magnetically; and CuS< b.sIL.O by Reekie (1939) below about io°K, in 
which specific heat anomalies are also marked in this region (Ash mead, 
1939) Recent me lsurcments on the paramagnetic resonance show exchange 
mid-actions to be the cause oi these anomalies (Hagguley and Griffiths 1948). 
The high temperature re- nits of Birch on CuS( )* 5IL.O, showing a break 
in the curve indicates probably a change in the electric fields 

marked by a greater freedom for the CtC 'ioti. fhere is however, u large 
discrepancy in the slope of the curve with those of de Haas and Goiter 
(Leid Comm.) and of Reekie which are ceitainly more reliable. 

The moment curves (figure 7) for the different salts show so little 
difference from salt to salt that it is difficult to estimate the effects of the 
long range fields. This is not very strange considering the low absolute value 
of the effective moment in Cu* *, in spite of the fact that the conti ibutions 
to the orbital moments are relatively fairly large. 

It would be better for the above purpose to compare the three constant 

series representation of the results as befoie, c.r. 
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It will be seen that the high frequency term in all the copper salts is 
quite negligible. It is well known that the spin-degeneracy in the q electron 
Cxi** ion is entiiely of the Kramer's type as in TG * * or V +t with one electron 
and hence the crystalline electric field has no effect on the two-fold spin 
degeneracy. Thus the origin of the small C term in the various salts are 
either due to exchange interaction or higher order orbital contributions. 
Measurements of Reekie (1 c.) and Ilupse (Reid. Comm. } on the Tutton salts 
giving very small + ve values of C extend to helium temperatures and are 
hence more reliable than those of Janes Somewhat larger +ve 

values of C in Janes's measurement therefore enntjot be given much signi- 
ficance. The most important temperature indepdefident term A, is given by 
the upper level contributions through the large spin-orbit colliding in Cu + * 
ion. Both Janes' and Reekie’s values for the two Tutton salts agree in 
giving a difference in the A teim in the 1 ight direction, decreasing from 
potassium salt to ammonium salt. The absolute values by the two authors 
arc however somewhat different. The absolute value of A for the potassium 
salt by Miss Hupse is the highest of all. Again, the absolute value of the 
term A in CuS( .5II..O by Reekie is about the same as his ammonium salt, 
which is surprising since the pentahydrate is a triclinic crystal with no 
internal symmetry except inversion. Hence the orbital quenching here 
should have been the largest. It is to be" noted that absolute value 
of de Haas and Gorier for A term for CuSO,.5H a O seems to give 
a better fit with Reekie’s values for the Tutton salts, though it must 
be admitted that the results of the former authors being only down 
to i4°K give no indication of the steep downward fall in the curve below 
i/j°K obscived by Reekie. In fact, the higher value of A foi CuSt k t .5ll 2 ( ) 
by Reekie might be ascribed to the inclusion of this steep pait of the 
curve in calculating the constants of the series formula. The comparatively 
smaller value of A and larger — ve value of C in the salt C11SO4.4NII.vHaO 
done by Janes are no doubt owing to a much stronger field perhaps arising 
from a square coordination of the Cu M ion with four NH a molecules. 

The data on solutions of Cu 1 salts are not extensive enough to enable 
11s to compare these with the solid salts. 


CONCLUSION 

From the previous discussions, we have been able to show definitely 
that the effects of the long range electric fields 011 the mean effective moments 
in the latter half ol the ii on gioup are by no means negligible, and are 
particularly prominent in the Fc f * and Co 4 ’ salts. Quantitative treatment 
of such fields arc, however, out of the question primarily owing to lack of 
extensive and reliable data on a large number of similarly constituted salts 
as also their solutions. Fuither, it will have to be admitted that the mean 
values of the moments can only give us an idea of the long range cubic field 
6 — 1832P — 2 
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and the averaged effect of the rhombic fields, to the variations of which 
the moments are not very sensitive. 

The long range rhombic fields are very structure sensitive and 
have large influence on the magnetic anisotropies and the principal moments 
in the crystal.-.. The study of these, therefore, would give us a full picture 
of the Jahn-Teller mechanism for asymmetrically removing the magnetic 
degeneracy of the paramagnetic ions. The discussion on the magnetic 
measurments on single crystals of these saUs which alone can give us the 
above informations, arc left for some future papers. 

< )ne of us is grateful to the Government of India for the grant of a 
senior research scholarship in its ‘Development Scheme’. Grateful thanks are 
also due to the authorities of ihe India Association for the Cultivation of 
.Science for laboratory and other facilities. 
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STREAMER MECHANISM IN A.C. SILENT DISCHARGES 
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ABSTRACT. The streamer mechanism of Loeb and Meek, as applied lo A. C. ‘silent’ 
discharges is developed in the paper. According to the streamer theory, when the applied 
field is adequate for Townsend’s cumulative ionization, thefe is a conical column of positive 
ions drifting towards the cathode. I u an A.C. ‘silent’ discharge, the negative charge 
formed on the intervening glass surface attracts the positive ions of the conical column 
near the anode and forms a stationary array of positive ions dose to the glass surface, 
producing thereby an electrical double layer. A gap is also *et up initially between the 
array of positive ions and the streamer by the time the latter touches the glass wall on 
the cathode side. A discharge is not, therefore, possible at the time due to this gap. 
It has been explained how this gap is subsequently bridged up, when the density of the 
charge on the glass surface attains a requisite value producing what has been called 
Townsend pulses at the peak values of the applied A.C. field. The discharge (or 
dischaiges) across the electrical double layer on and near the glass surface 1T1 the manner 
suggested by Mitra gives rise to a different type of pulses. Such pulses have been called 
discharge pulses . That the two types of pulses exist, at least in certain gases, 
is substantiated by the experimental results of Ivhastgir and Setty. In iodine vapour, 
there is experimental evidence to show that the critical voltage for the occurrence of the 
Townsend pulses is distinctly less than that foi the oceuriencc of the ‘discharge’ pulses. 

The effect of light on the two types of pulses has been considered in detail and the 
following conclusions have been drawn : 

(i) Initiation of the Townsend pulses by irriadiation may be possible under favourable 
conditions. This explains the positive Joshi cllcet. observed near the threshold potential 
in certain gases. 

(ii) At or near the ‘threshold’ potential, complete suppression or reduction of either 
type of pulses may be caused by irradiation. 

(iii) In iodine vapour, the negative light effect is largely due to the disappearance or 
reduction of the ‘discharge’ pulses. 

INTRO IJ XT C TION 

The photo-iucrcase and photo-reduction of discharge current in A.C. 
discharge which are known as the positive and negative Joshi effect are 
now well established. It is also well known that the Joshi effect is associated 
with some current pulses which can be observed, when the potential difference 
across a suitable high resistance placed in series with the A.C. discharge 
circuit, is delineated on the fluorescent screen of an oscillograph. .Several 
attempts have been made from time to time to explain experimental results 
on the subject. The views pul forward by Joshi himself (i945> J 946 , 1947) 
have been used by his associates (Ramanu Rao and Sarma, 1949 Arnikar, 
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IQ 52 ) to explain in a general way the negative and positive light effect 
A modification of the Klemc-nc -Hinlcnberger- Holer mechanism (ry 3 7 ) 

of the A.C. silent discharge as suggested 1>y M iti a was iepoi ted by Deb and 

Ghosh (hi j(>, iy)R* and foimed the basis of an explanation of the negative 
joshi effect. Recently, a plioto dissociation theory has lieen formulated 
by Harries and von Kngel (icj.si) to explain the negative Joshi effect in 
chlorine and such other gases where photo-dissociation is possible. lhis 
theory has not taken in its purview the consideration of the positive effect- 

The object of the picsent paper is to consider the streamer mechanism 
of JL,oeb and Meek (ioji) as applied to A.C. silent discharges. The insulating 
material (glass wall) that intervenes the gas 01 \apoitr and the electrodes intro- 
duces certain features which provide a fundamental basis for the occurrences 
of two distinct types of curicnt pulses in such discharges. The oiigins of 
these pulses and the effect of light on them form the main subject matter 
ot tlie paper* It is also shown that there is suflicient experimental evidence 
in favour of the conclusions aiising out of the sti earner mechanism in A C. 
silent discharges. 


s t r p; a m n r t n n o r y < > p spark i > i s c ii a r r. is 

The streamer theory of spark discharge as given by Loeb and Meek (un|i) 
is summarised as follows * 

It is well known that electron avalanches aie b ulled under an electric 
field adequate for the Townsend collisions to take place. As each avalanche 
advances from the cathode to the anode. It spreads laterally by the random 
diffusive movement of the electrons and a conic d distribution of positive 
ions is formed with more positive ions towards the anode and only a few at 
the apex of the cone drifting slowly tovvaids the cathode The electrons 
soon disappeai into the metallic anode and a positive space-charge ‘boss’ 
appears on it . 

During the process of cumulative ionization, a mimbei of excited atoms 
and molecules are formed and some of them are excited to an energy 
exceeding the ionization potential ot these atoms and molecules. These 
excited atoms and molecules give rise to photons of veiy shoit 
wavelengths. These photons aie absorbed by the gas and electron-positive 
ion pairs are pioduccd. The elections of these pairs are attracted to the 
positive iousiu the conical column which soon becomes a highly conducting 
plasma containing both electrons and positive ions. This conducting 
column moves slowly towards the cathode and is called the streamer. When 
the advancing tip ot the streamer comes near the cathode, the photo-elections 
produced by photons at the cathode biing about intense ionization at the 
cathode, pioducing a cathode spot which may become a souice of visible 
light. Ultimately, when the tip of the stieamei leaches the cathode, there 
is a conducting filament across the two metal electrodes and there occurs a 
current pulse which passes up the pre-ionized conducting channel to the 
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anode with very high velocity and multiplies the electrons present by a 
large factor. Such a mechanism was also developed by Schonlaml (10301 
in connection with the return stroke ot a ligtning discharge. 

The streamers have actually been photographed in cloud tracks by 
Raether (1940, 1941) and the cathode spot appealing when the sti earner 
is almost reaching tile cathode lias been lecorded in Dunninglon’s (1031) 
Kerr cell photographs. 

The streamer formation requires adequate photo-ionization and adequate 
field at the streamer tip. A satisfactory quantitative criterion for the 
streamer formation has been given by Meek (1940). Townsend’s theory 
which was attended with serious difficulties lias now been replaced by the 
streamer theory of I^oeb and Meek. 

In is to be noted that the current pulse flashing from the cathode to 
the anode according to the streamer mechanism can still be called a 
Townsend pulse , as it is significant that for a pulse to pass, the applied 
field must be sufficiently high to produce cumulative ionization by 
Townsend’s collision process. As soon as the Townsend pulse occui s, 
the potential across the electrodes drops and the elections proceeding from 
the cathode are not in a sufficient field 10 produce electron avalanches. 
The pulse then ceases momentarily till the potential is again built up to 
the former value by the external source, in this way there is an intermit- 
tent D.C* discharge with metal electiodes. The sanu pictuie is also tiue 

with A.C. discharges, at least for low frequencies. 

MODI V I n 1) V I C T V R H O V S T R K A M K R T O R M A T I O N 

I N A. C. S T h IC NT DISCTIA R O l\ S 

In A. C. silent discharges the picture of the streamer formation is 
somewhat different. The intei veiling glass wall in an ozoni/.er or in a 
discharge tube fitted with external metal clelctrodes, causes the formation 
of negative surface charge on its inner surface due to the deposit of negative 
charge by the electrons during the positive half cycle of the applied A, C. 
voltage. When the voltage is sufficient for Townsend collisions to take 
place- we soon get, for the positive half cycle, a conical distribution of 
positive ions which moves towards the cathode. An array of positive ions, 
at the base of the conical column and near the anode gets attached to the 
neg itive surface charge on the inner glass surface and remains stationary. 
The positive ions which are ahead of the stationary array in the conical 
column drift slowly towards the cathode producing a gap between the 
stationary array of positive ions and the moving conical column. As the coni- 
cal column moves towards the cathode, it attracts to itself the neighbouring 
electron avalanches and the photo-ionized electrons in the same manner as 
in the streamer mechanism between metal electrodes. I11 the silent 
discharge, it is to be noted that even when the advancing tip of this highly 
conducting plasma containing positive ions and electrons touches the 
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cathode, a discharge is uot possible clue to the gap that is formed between 
the stationary array of positive ions (A» (figure i), attached to the negative 
charge on the inner glass surface (J. l) and the base ICC ) of the highly con- 
ducting streamer. This gap (CCCC) illustrated in figure i. 

Anode 


/S t 1 // CjIsj • ‘ 

*4- 4- 4 4 r 
G + + 4- 4* G 


C 4- 



Oathrde 

Via. i 

The electrons from t lie cathode pass up the highly conducting plasma 
and move across the gap towards the anode. Within the gap the electrons 
are, of course, in an accelerating field and produce cumulative ionization by 
Townsend collisions. As a consequence, many electrons with very high 
velocity cross the stationary array of positive ions and move on inspite of the 
retarding field due to the negative surface charge on the glass wall. Only 
electrons with high velocity are, however, able to reach the glass surface. 
The negative charge on the inner glass surface is thus gradually built up. 
When the density of the surface charge attains a certain definite value, 
the electrons coming from the lower boundary of the gap are no longer able 
to penetrate through the stationary array of positive ions and get repelled. 
This repulsion brings back a large number of electrons within the gap, 
when there is already a number of positive ions due to Townsend collisions. 
Accordingly, the gap becomes highly conducting and gets bridged up 
causing a current pulse to flash across. The effect of the intervening glass 
is thus to produce initially a gap and to delay the discharge till such time 
as is required for the formation of a requisite density of charge on the inner 
glass surface, repelling the electrons moving up across the gap and 
ultimately bridging up the gap. It is to be noted that the magnitude of the 
applied voltage at which the requisite value for the density of surface charge 
is attained for bridging up the gap and for the occurrence of the Townsend 
pulse is to be identified with what is called ‘threshold’ potential in A.C. 
silent discharges. 

It is evident, therefore, that when the applied A.C. voltage is such 
that the charge on the inner glass surface attains the requisite density at the 
peak value of the voltage, a Townsend pulse would occur at the peak in each 
half cycle. When the applied voltage is higher, the gap gets bridged up 
and a pulse is produced earliei at the required value. As the pulse flashes 
across, the voltage across the channel drops. The discharge, therefore, 
ceases, but voltage is again built up to the former value by the external 
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A.C. supply and another pulse is produced. Thus for a higher A.C. voltage 
a number of Townsend pulses is expected on either side of the peak. 
This is illustrated in figure 2. 



4. INITIATION O V T () W N S K N I> V V I« vS E B V 
TRRADIA T I O N 

When the applied A.C. voltage across the two electrodes in an ozonizer 
or in a discharge tube fitted with external electrodes is critically adjusted 
to give just the sinuous current trace on the oscillograph, it is found that in 
ceitain gases irradiation produces pulses on the peaks of the A.C, cycle. This 
may be called positive Joshi effect which is observed near the threshold 
potential in certain gases. These pulses also appear in the dark when the 
applied voltage if slightly increased. If we accept the modified picture of 
the streamer formation in an A C. silent discharge, the positive Joshi effect 
(near the ‘threshold’ poiential) which indicates initiation of the Townsend 
pulses by irradiation in certain gases can be explained as follows : 

Let us suppose that the applied voltage is so adjusted that Townsend’s 
cumulative ionization is initiated but the discliaige has not just started. 
This means that the gap is still there between the stationary array 
of positive ions and the base of the moving column and the negative 
charge on the glass surface has not attained, just yet, the requisite value 
for bridging up the gap. With the incidence of light on the negative charge 
on the inner glass surface, the photo-electrons emitted from this surface 
come nearer to the array of the positive ions and may at once cause the 
electrons coming from the lower boundary of the gap to be repelled and 
leturued within the gap. The gap may thus be bridged up by the incidence 
of light on the negatively charged surface causing the Townsend pulses to 
flash across. Thus it can be said that the effect of light is to decrease slightly 
the value of the ’threshold potential. In dark, however, when there is no 
photo-electric emission, the gap cannot be bridged up, as the applied voltage 
is not quite sufficient to build up the requisite negative charge on the inner 
glass surface so as to repel and return the electrons from the lower boundary 
of the gap. At higher voltages, of course, the gap is bridged up and the 
pulses persist even in the dark. 

It is to be noted that the initiation of the Townsend pulses by 
irradiation is possible only in certain gases and under favourable conditions. 
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5. T \V < > 'I‘ V P I< S « > F P U L S S IN \. C. S I L K N T 

I) 1 s (' II A ROES 

Prom the picture of streamer formation in A.C. silent discharges, it is 
clear that with an applied voltage sufficient for Townsend collisions to take 
place, there is a layer of negative surface charge formed on the inner glass 
surface and a stationary array of positive ions very near the negative surface 
charge and further there is fonned a gap between the stationary array of 
positive ions and the base of the conical column moving towards the 
cathode. It has already been explained how this gap is bridged up at the 
threshold potential when the requisite density of negative charge is formed 
on the glass surface, and a pulse flashes across the gap. This has been 
called a Townsend pulse. It may be mentioned that these pulses were 
identified by Deb and Ghosh (io.jS) as “low frequency” pulses. Their origin 
was also attributed to the alternate starting and stoppage of discharge under 
the combined action of the externally applied field and the opposing internal 
field (arising out of the separation of the electrons and positive ions caused 
by the application of the external field). The negative charge on the glass 
surface sufficient for the occurrence of a Townsend pulse may not be 
adequate to produce a discharge or discharges between the negative surface 
and the stationary array of positive ions in the manner already suggested 
by Deb and Ghosh. Such discharges may, however, take place at a certain 
higher voltage when the density of the negative charge attains a certain 
higher value. It is evident that when such discharges lake place, there is 
neutralisation of the positive and negative charges and the opposing voltage 
due to the negative surface charge and the adjoining array of positive ions 
removed. It is also evident that these discharges can only occur when 
the effective voltage is zcio and the surface chaige is flee so that with the 
removal of the opposing voltage, due to the neutralisation of the negative 
surface charge and the positive charge 011 the array of positive ions, the 
effective voltage increases suddenly from zcio to the value c and there is 

discharge current proportional to which may he quite large. We have 

called this type of current pulse a ‘diseliaigc’ pulse, as this is due to the 
discharge or dischaiges between the opposite charges in the electrical double 
layer on and near the glass sutface. As these dischaiges occur when the 
effective voltage is zcio the ‘discliaige* pulses should appear near the peaks 

of the A.C current, there being a phase difference of nearly n between the 

discharge current and the applied voltage. 

It is interesting to note that the electrical double layer consisting of a 
negative charge on the inner glass surface and an adjoining layer of positive 
charge which fotms the basis of an explanation of the negative Joshi effect 
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by Mitra is only a logical consequence of the streamer mechanism in A.C 
silent discharges. 

That the tvo types of pulses exist, atleast in certain gases is abundantly 
clear from the oscillograms observed by Deb and Ghosh (1948) and by 
Khastgir and Setty (1952) in their experiments with ozonizers or with 
discharge tubes fitted with external electrodes. In iodine vapour, the two 
types .observed by Khastgir and Setty are quite distinct in intensity, 
position and distribution. It has also been experimentally found 
with iodine vapour, that the critical ‘threshold’ voltage for the 
occurrence of the Townsend pulses is definitely less than the critical 
voltage for the occurrence of the ‘discharge’ pulsejfc. A scrutiny of the two 
types of pluses with high sweep-frequency of the -linear time-base of the 
oscillograph has also lent strong support to the view that the two types of 
pulses have altogether different origins. 

EFFKCT OF LIGHT ON T IT R TWO TYPES OF PULSE vS 
IN A.C. SILENT D T S CHARGES 

The effect of light is associated with photo-electric emission from the 
negative surface charge formed on the inner surface of the intervening 
glass wall. Starting from a low applied voltage, it has been observed that 
at least in certain gases, the Townsend pulses appear earlier than the 
discharge pulses, so that it can be said that the requisite density (rr T ) of 
the negative surface charge for the Townsend pulses to occur is less than 
the requisite density (<r„) for the occurrence of the ‘discharge’ pulses. 
Let us now consider the effect of light, at some voltage, when both types of 
pulses co-exist On irradiation, the negative charge is, of course, reduced 
due to photo-electric emission. If the density of surface charge is reduced, 
but not below o- n , the discharge pulses are only reduced in size. If, however, 
on irradiation, the density of surface charge is reduced below <r D but not 
below <r T , the discharge pulses are completely quenched but the Townsend 
pulses persist. The photo-reduction of the discharge pulses and its 
dependence on the magnitude of the applied voltage has been discussed 
elsewhere by Khastgir and Setty (19.52) The effect of light on the Townsend 
pulses will only be mentioned here. 

We have already explained the initiation of the Townsend pulses by 
irradiation in certain gases and under favourable conditions. In some gases 
the initiation of the Townsend pulses by the incidence of light has not been 
observed. In such cases it may be said that the threshold potential 
remains practically unaffected by light. In considering the effect of light 
on the Townsend pulses, the fact that the emission of photo-electrons from 
the negatively charged layer is not an instantaneous process, has a very 
important bearing. Under light, when the photo-electric process is 
operative, it takes a little longer time for the attainment of the requisite 
surface charge for bridging up the gap and for the Townsend pulses to pass 

7 — i83aP— 3 
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than in the dark. Thus, on irradiation, the gap is widened to some extent 
due to the movement of the conducting column towards the cathode. Under 
the circumstances, when the gap length is slightly increased, the applied 
voltage or the requisite density of surface charge may not he just sufficient 
for the initiation of the Townsend pulses- Stoppage of Townsend pulses by 
irradiation may, therefore, he envisaged at or near the threshold potential, 
at least in those cases where the threshold value remains unaffected by 
irradiation. In cases where there is a slight decrease in the threshold 
potential due to irradiation, the Townsend pulses persist but their size may 
lie reduced due to the increased resistance of the slightly wider gap through 
which the Townsend pulses pass. At higher voltages the photo-reduction of 
the Townsend pulses is induced very slight. 


rONCLDSlONS 

The streamer mechanism as applied to A. C. silent discharges has been 
outlined. Tt has been shown that it is possible to have two types of current 
pulses, called the Townsend and the discharge pulses. There is experimen- 
tal evidence of the two types of pulses in certain gases. 

Tlie effect of light on the two types of pulses has been discussed. It 
can be said in a general w r av that at or near the threshold potential, the 
negative effect may be caused by the suppression or reduction of either type 
of pulses. Tn the case of Townsend pulses, tlie reduction in size on irradiation 
is expected to decrease with the increase of the applied voltage. With' regard 
to the discharge pulses the reduction in size should at first increase and 
attain a maximum and should subsequently fall off with the increasing voltage. 
In the case of iodine vapour there is definite experimental evidence 
to show that the negative effect is largely due to the disappearance or reduc- 
tion of the discharge pulses. Regarding the positive Joshi effect that is 
unmistakably observed in iodine vapour just before the ‘threshold’ potential, 
it is considcrd as due to the initiation of the Townsend pulses by irradiation 
which may be possible under favourable conditions. 

With regard to Joshi’s theory and the photo-dissociation theory of 
Harries and von Engel (1051), it appears to us that the physical processes 
underlying these theories may be operative under suitable conditions, quite 
apart from what we have formulated regarding the occurrence of the 
Joshi effect. 

In conclusion, it can be stated that the negative surface charge on the 
inner surface of the intervening glass wall is the main seat of the Joshi effect 
in A.C. silent discharges. The magnitude of the surface charge is dependent 
on the surface conditions, electron affinity etc. of the enclosed gas or vapour 
and as the work function of the surface depends on these factors, the photo- 
electric emission from the negative surface charge is also greatly affected 
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by them. It is now generally accepted that the Joshi effect is predominantly 
a surface phenomenon, although the possibility of volume effect is not ruled 
out altogether. 
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ABSORPTION SPECTRA OF ORGANIC SUBSTANCES IN 
THE LIQUID AND SOLID STATES. VI. SOME 
DISUBSTITUTED BENZENES * 
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Plates VIII A-C 

ABSTRACT. Ultraviolet absorption spectra of ortho and para chlorophenol and 
bromotoluene have been investigated w ith the substances in the liquid and solid 
states at different temperatures, including that of liquid oxygen. In the case of o-chloro- 
phenol three bands are observed in both liquid and solid states, the i> 0 baud shifting by 
about 270 cm" 1 towards shorter wavelengths with solidification and cooling down to -i8o°C. 
The shift is very small in the case of liquefaction of the vapour. I11 the case of the 
para compound the liquid state yields two broad bauds while the solid state yields three 
bands with v y band shifted by about 180 cm ' 1 towards shorter wavelengths' With liquefaction 
of the vapour the v 0 band shifts towards longer wavelengths by about 150 cm’ 1 . In the 
case of 0-bromotoluene in the liquid state three bands are observed with band at 36450 
cnT 1 and a progression of the frequency 982 cm' 1 . The solid at -i8o°C yields nine bands 
which are explained on the assumption that the energy level splits into three components. 
In this case also the v Q band shifts by about 400 cnU 1 towards longer wavelengths with 
liquefaction of the vapour and the principal component of this band shifts by about 726 cm" 1 
towards shorter wavelengths with solidification and cooling down to -18 j h C In the case of 
/>-bromotolucne no such splitting is observed, but the r 0 band shifts in the same directions 
as iti the ortho compound with liquefaction and solidification The results have been 
discussed and it is pointed out that these shifts may indicate formation of virtual bonds 
between neighbouring molecules 


introd u c tion 

The ultraviolet absorption spectra of several substituted benzene 
compounds in the liquid and solid states at low temperatures were studied 
previously (Swamy, 1951, 1952a, 1952b, 1952c) and it was observed 

that some changes in the spectra occur with solidification and lowering of 
temperature, the changes depending upon the nature and relative positions 
of the substituent groups. The solidification and cooling down to -i8o°C 
of substances like 0 -dichlorobenzene (Sirkar and Swanty. 1952} and o-and 
m-chlorotoluene (Swamy, 1952c) produce a splitting of the electronic energy 
levels. In substances like o-and fj-xylene, a number of new bands was 
observed at -i8o°C, and these were assigned to vibrational frequencies 
allowed by the peculiar packing of molecules at -i8o°C, and no splitting of 
the level was observed. In the case of some other disubstituted benzenes, 
also, viz., />-dichlorobenzene , />-dibrotnobenzeue (Sirkar and Swamy, 1953. 

I 

* Communicated by Prof. S. C. Sirkar. 
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Swamy 195?), o-cresol and m-cresol (Swamy, i 952 «) no splitting of the 
electronic cnercy Icvd with solidification and lowerine of 

the substances to -l8o°C was observed, but trnns.t.ona correspond, „g to some 
vibrational frequencies which were absent in the liquid state were <**«*» 
in the case of the solid slate at -iSo 'C. The present investigation 
undertaken to study the influence of change of state and temperature on 
the absorption spectra of a few other disubstituted benzenes, viz., ortho- and 
para-chlorophenol, and ortho- and para broniotoluene, and the results have 
been discussed in the present paper. 

E X I* E K 1 M It NT Alt 


The experimental technique used was the same as that employed in 
earlier investigations by the author (Swamy, 1951, 1952)- A. hydrogen 
discharge tube running at 3 KV served as the source of continuous spectrum. 
Spectrograms were taken on Ilford HP 3 films with a Hilger E 1 quartz 
spectrograph having a dispersion of 3 A. U. per mm. in the region, 2600 . 

Ortho- and />-bromotoluene and o-ehloro phenol were supplied by Eastman 
Kodak and />-chlorophenol was from Merck’s original bottle. All tlie 
substances were distilled four times under vacuum before being used in the 
investigations. 

The film of o- and /’-bromotoluene that produced absorption bands had 
a thickness of about 0.2 111111. In the case of o - and /^-clilorophcnol only veiy 
thin films having thickness of a few microns, as in the case of cresols, 
produced the hands. The absorption spectra of o-bromotoluene in the 
vapour state were photographed using absorption a tube of length 25 cm. and 
diameter 12mm., quartz windows being fitted to the tube using sodium silicate 
cement. The liquid was contained in a small bulb attached to the tube and 
through another side tube, the absorption tube was connected to a Cenco 
Hyvac pump. After the tube had been evacuated, the stop cock leading 
to the pump was closed and the vapour was allowed to fill up the tube at 
the saturation pressure at room temperature. Absorption spectra at -i8o°C 
were photographed with the technique described previously (Swamy, 1951). 
For comparison, mercury arc spectrum was recorded with the help of a 
Hartmann diaphragm on each spectrogram. An exposure of 10 minutes 
was required to record the absorption spectrum for the liquid state and 
about 30 minutes for the vapour state and the solid at -180 °C. 


R E SOLI'S 


Spectrograms for o- and p-clilorophenol and o- and />-bromotoluene in the 
liquid state and solid slate at -iSo°C and those of o-bromotoluene in vapour 
state and f>-chlorophenol in the solid state at about 2o°C are reproduced in 
figures 1-4 in Plate VIIIA. The bands in the liquid and solid states being broad, 
microphotometric records were obtained to measure the frequencies accurately. 
These are reproduced m figures 5-8. Hg 2537 & line in the spectrograms 
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served as the reference line in the microphotometric records and measurements 
weie made of the centres of absorption peaks. Only the prominent bands 
in the vapour state have been measured and assigned to particular transitions. 
The wave numbers of the bands observed for the vapour, liquid and solid 
states are given in Tables I-IV. Assignments of the bands of o-bromotolucne 
in solid state at -i8o°C are made on the assumption that the electronic energy 
level is split up into three components. Bands of o- and /’-chlorophenol and 
^-broiuotoluene have been assigned to certain transitions on the assumption 
that no such splitting of the energy levels occurs in these cases. 


Tabus 1 

Absorption bauds of o-chlorophenol ; v in cm" 1 


Vapour (Ramasastry, 
1951), Prominent 
bands 

Assignment 

Liquid at 
30°C 

Assignment 

Solid at 
-i8o°C 

Assignment 

35892 (vs) 

*0 

35S62 (vs,b) 

*0 

36134 (sb) 

"o 

30387 (w) 

^+496 



36527 (m) 

*0+635 




36693 (m) 






36845 (s) 

* 0 + 1*53 

36810 (vs,b) 

*0 + 94 ^ 

37040 (sb) 

*0+916 

36982 (s) 

1^0+1090 




37092 (w) 

i/q+1200 





37337 (vw) 

"0^1445 





37639 (w) 

i'o+Boi -+-953 





37789 (ill) 

*0+2X953 

37760 (vw) 

*>0 + 2 X 949 

37950 (w| 

*0+ 2 x 908 

38036 ( w ) 

! *>0+ 1 2)0 4 - 953 




38733 (vw) 

"0 +3x953 







Tatu.e II 



Absorption bands of /^-clilorophenol ; v 

in cm" 1 . 


Vapour (Ramasastry, 
3951), Prominent 
bauds 

Assignment 

1 ^ 

Li 3o»C at Assi 8 nment 

1 _ _ 

Solid at 
-i8o # C 

Assignment 

34820 

*0 

3-1667 (s,b) | 

*0 

34848 (s,b) 

"0 

35616 

"o 4 795 




35781 

^0 + 960 

1 

l 




35873 

*■0 1053 

1 

3559 * ( s .b) | 

"o 1 931 

35^“5 ( s »b) 

’'O+SS? 

3603: 

*0+1212 

1 




36270 

*o+M 5 ° 

! 


36760 (w) 


36575 

1^0+960 +795 

i 

1 

"o + 2 X 956 

36740 

*0 + 2X960 

■ 



i 
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Tamms III 

Absorption bands of o-bromotoluene ; v in cm 1 • 


(Prominent 
bands) . 

Assignment 

, Liquid at 

3 n °C 

Assignment 

Solid at 
-i8o°C 

Assignment 

36780 

yo~ 74 

: 36450 (v.sb) 

"0 

36730 (m) 

Co 



i 


3 f >95 0 (\v ) 

Ho 

3 7 2 So 




37176 («) 

A 0 

3 ”3 3 <> 

v <\ + 4/6 



37690 (iu) 

Ci 

37^-5 

"o + 97 1 

j 37*132 (>.b) 


379 ** (w) 

Hi 

37 * 7 f > 

>' (< -1 1022 

! 


38140 (h) 

Ai 




>'0+2x982 



3 « 70 <> 

>'0 + 2X971 

I 38420 (m) 


38655 (m) 

c 2 

38848 

" 0 4 -941 + 1022 

! 


38880 (w) 


38900 

v n f 2 X 1022 



39*04 (w) 

A a 


Table IV 

Absorption bands of />-bromotoluenc ; v in cm' 1 


Vapour, (Prominent 
bands) . 

!• 

] Assignment 

Liquid at 
30 °C 

Assignment 

Solid at 
-i8o°C 

Assignment 

36*73 

"0 

35803 (VS,b) 

"0 

36102 (vs) 


36Q28 

" 0+755 

36827 (.s) 

"0 + 1025 j 

I 

"0 


37*89 

F0 + TO16 


36890 fill) 

*0+788 

37954 

*0 + 10164-755 





38^05 

j 

>' 0+2 X IOIO 

37849 (w) 

»'() 4 -2X 1023 

37*23 (s) 

^04- 1021 





37910 (w) 

| >'0-4-1021 + 788 

| 




! 38*54 (***) 

>'0 + 2X1027 

1 

1 




39160 (w) 

*0+3 X 1021 


DISCUSSION 


Oitho and para chlorophenol : 

The data for o-chlorophenol reported by Ramasastiy (1951) show that 
the v„ band is at 35892 cm” 1 . There are bands representing transitions 
v o + 495t v «+ 635, v fl +8oi f ^4-953, v 0 + io9i, v u + 1200 and v u + 1445 and their 
combinations and harmonics. The C-Cl vibration is weak. In the liquid 
state the substance produces three very broad bands, the first one being at 
35862 cm 1 . There appears to be not much change in the position of the v 0 
band with the change from vapour to liquid state. In the solid state at 
-i8o°C, the bands are a little sharper and the v 0 band is found to have shifted 
towards shorter wavelengths by about 270 cm” 1 from its position in the 
liquid state. It is concluded from these facts that the molecules get associated 
through virtual bonds only with solidification and lowering of temperature 
to -i8o°C # and this causes the shift of the v 0 band mentioned above. 
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.337 A 


T— 

2(i32A 2699 1 A 


I 

28037 A 


Absorption spectra 


Fig. 1 . 

{a). 

tf-Chlorophenol, liquid 

at 

30 C 


(b). 

„ M solid 

at- 

180 C 

Fig. 2. 

in). 

/>-Chlorophenol, liquid 

at 

35 C 


(b). 

„ „ solid 

at 

20 C 


U). 

, „ solid 

at 

180 V 

Fig. 3. 

(a\ 

0 -Bromotoluene, vapour at 

30" C 


(b). 

,, liquid 

at 

30 C 


(<•). 

,, solid 

at 

• 180 ' C 

Fig. 4. 

(flb 

/>-Bromotolueni\ liquid 

at 

30‘C 


<b). 

solid . 

at 

180 ' C 
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WIKI VvlOO 170(H) 17('00 10200 38800 30100 

I' < cm" 1 ' -> 




«800 370(H) 302(H) 

V ( cm” 1 ) -> 

Mycropliotometric records 


39300 


Fig. 5 (//). w-Chlorophenol, solid at-180’C 

liquid at 3(5 C 
Fig. 6 u/>. />-Chlorophcnol, solid at-180°C 
- .. solid at 2(5C 

(A - » liquid at 35 C 
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36400 


37000 


37600 38200 

r ( cm" 1 ) 


38800 


39400 



33800 36400 37000 37600 38200 38800 39400 

17 ( cm 1 ) 


Microphotometric records 

Fig. 7. (a) ^-Bromotoluene, solid at-J80“C 
ib) „ „ liquid at 30°C 

Fig. 8. [a) /-Bromotoluene, solid at- 180 C 
(o) „ „ liquid at 30C 
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It can be further seen from figure 5 that the bands are broad and diffuse 
in the case of the liquid state while they become narrower with solidification. 
This shows that the intermolecular field has much influence on the position 
of the electronic energy level, because the thermal motion of the molecules 
in the liquid state widens the energy level considerably. Although transla- 
tional motion ceases with solidification there may be angular oscillation of 
the molecules. If the molecules are linked to eiach other through virtual 
bonds such a motion is likely to produce a fluctuation of the intermolecular 
field, and consequently, to widen the electronic energy level even in the solid 
state. If the bond becomes stronger at very low temperatures the amplitude 
of angular oscillation is expected to diminish considerably and the bauds 
may become sharper. Such a phenomenon appears to take place in the 
present case. t 

In the vapour state, p-chloropheuol has its v 0 band at 34820 cm' 1 
(Ramasastry, 1951;. The C-Cl vibration is strong and there are bands 
representing transitions v„ + 795, v o + 960, v u + io 63, v„+ 1212, v„ + 1450 and 
their combinations and harmonics. In the liquid state at 3o n C, the substance 
produces two broad bands, the first one being at 34667 cm -1 . The v„ band 
is shifted by about 160 cm** 1 towards longer wave lengths from its position in 
the vapour state, and in the solid slate at-iSo n C, the v„ band shifts towards 
shorter wavelengths, to 34848 cm -1 . There is also the formation of a weak 
band at 36760 cm -1 representing a transition v 0 + 2 x 956. The substance 
in the solid state at 20°C produces a spectrum almost indentical with that of 
the liquid. The bands sharpen up only at -iSo°C. This again shows that 
the intermolecular field has much influence on the electronic energy level 
and the molecules execute angular oscillation not only the liquid slate, but 
also in the solid state at 2o°C. The intermolecular field acting on each 
molecule fluctuates during this oscillation resulting in the broadening of the 
electronic energy level of the molecule in the liquid state as well as in the 
solid state at 20°C. The slight sharpening of the band at -x8o°C is less 
pronounced in this case than in the case of o-cliloroplienol. This shows that 
in the present case the amplitude of angular oscillation diminishes only 
slightly with lowering of temperature to - i8o°C. The shifts of the bands 
with liquefaction and solidification, however, show that the molecules get 
strongly associated through virtual bond in this case also, but probably the 
relative positions of the two substitution groups and the small value of the 
permanent electric moment in this case are responsible for the persistence of 
the angular oscillations of the molecules even at low temperatures. 

o-Bromoioluene. The absorption spectrum of c-bromotoluene in the 
vapour state was studied previously by Tintea (1939). The data were not 
available to the author and hence the absorption spectrum of o-bromotoiuene 
in the vapour state was photographed in the present investigation* A large 
number of bands was observed, but only the prominent bands produced by 
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ABSTRACT A .systematic study of X-ray reflections from a large number of planes, 
indicates that the space group of this crystal is P:>m. The estimated intensities of 
thesi' planes show that the molecule does not lie in anv simple crystallographic plane. 

In the previous communication (I)atta, 1953), we have seen that the 
ciystal of tetrapheuylethylene belongs to monoclinie holo-axial system. 
Morphological study and three rotation photographs about the three 
crystallographic axes using Ni-radiation gave the following values for the 
axial lengths and angles 

a = it. 30 A. 

(> = 9 37 ft. 
c — 10. 10 A. 

ft-/ 2" 

b-axis is the axis of symmetry and (i is the angle between a and r axes. 

The density of the crystal (by floatation method) was found to be 1.057. 

( in substitution of these values in the formula 


where jV- N o. of molecule per unit cell, p = density, V = volume, A= at 
weight. Mn = mass of hydrozen atom, the number of molecules per unit 
cell was found to be one. Hence the crystal has neither glide plane nor sciew 
axis. 

This is further confirmed by identifying a large number of reflecting 
planes on oscillation photographs. The b-axis of the crystal was made 
vertical. Oscillation photographs were taken over io° oscillation. 18 photo- 
graphs were taken from o° to 180 0 . The spots were identified (usual method, 
Banerjee and Singh, 1937) on reciprocal lattice network of a* and c*. The 
relative intensities as determined by eye-estimation, were noted down against 
all the spots. 

From the Table (Asthury and Yardley) it is shown that 
all (hoi) planes are present 

all (oko) planes are present, 

* Conmiunieated by Prof. S. N Dose. 
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so that b- axis is the axis of symmetry, and (a, c) plane is the plane of 
symmetry. There arc a few absent spectra which are due to symmetrical 
arrangement of phenyl groups themselves. The space group of the this 
crystal will be, therefore, I*2/ni. 

In the previous communication (Datta, 1953), we have seen that the 
crystal is bi-axial and optically negative with 

a = 1.690, 

0= x-757. 

7=1.762. 

The lowest refractive index being normal to the plane of molecule 
(Datta, T947), since the above values are nearly equal, the molecule does 
not lie in any simple crystallographic plane. Our estimated intensities 
also support this view. Therefore, the complicated molecule as] it is will not 
be planar. 

Tahlb I 

The following planes have been identified. 


Planes 


on 2 
003 
.>04 
005 
nro 
OT2 

‘>13 

014 

f >20 
1 >22 
( ‘23 
024 
‘•-’5 

030 

1.32 

<>33 

'>33 

101 

102 
T ( >3 

I04 

n >5 

200 

2(>I 

2<>2 

203 

204 
203 
301 

303 

3°4 

3 11 

312 


Intensity 

Planes 

Intensity 


S 

3i3 

v.s. 


v.s. 

3M 

w 


* 

3i5 

w 


YV 

400 

s 


| s 

401 

vv 


V s. 

40? 

s 


V s . 

4°3 

s 


,s 

404 

YV 


V s. 

500 

v.s. 


v.s. 


v.vv 


s 

502 

s 


s 

303 

vv 


s 

5 n 4 

YV 


v.s. 

S< >.S : 

v.w. 


s 

>0 

YV 


w 

001 

YV 


w 

603 

K 


s 

604 

S 


s 

Oi 

S 


s 

70 L 

w 


\\' 

7«»2 

YY r 


V V YV 

7 M 3 

YV 


s 

7°1 

W 


v.s 

pn 3 

V . 



803 

YV 


s 

807 

YV 


S 

Qf‘3 

V YV . 

; 

*v 

e< >3 

V.V.YV 


s 

I< * 02 

s 
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TEMPERATURE DEPENDENCE OF ANISOTROPY OF SOME 
ORTHO- AND PARA DISUBSTITUTED BENZENES* 
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( Received for publication, November 2S, kjs’) 

Plate IX 

ABSTRACT. The factor of depolarisation of the Rayleigh sea tin ing in CCl )p 
ti-clilorotolueue, p ehlorotoluene, o-eresul and p-c resol at different U-mpci aturi-s due to the 
mercury lines 4047 & and 54O1 A a.s the incident light has been detei tinned by the method 
of spectrophotometry in order to find out whether the anisotropy changes with tempera- 
tme in the same way in the ea.se of both ortho and para compounds Ii\ using Soller 
slits the corrected value of p in the case of carbon tetrachloride was found to be .054 
at 34 ^ which changed to .039 at hyT • The value of 5 was found to remain almost 
constant within this range of lenipoialure. I11 the case /’-ehlorotoluene and /*-cresol 
the values of 8 calculated from the observed values of p and ff for different temperatures 
showed that 5 renniins constant up to a temperature just below the boiling punts of tin- 
liquids, while in the case of the ortho compounds it was found from similar data that 8 
increases bv about 50% with the rise of temperature mentioned above It is concluded 
that in the ease of the ortho compounds, breaking up of associated groups of molecules 
is responsible for the increase in 8 with temperature. 


1NTROD DOT I ON 

It was recently pointed out by Rank(i<j5i) that from the values of the 
degree of depolarisation of the Rayleigh scattering in liquids having 
elongated molecules, it can be judged whether the molecules are associated 
in the liquid or not, because if the molecules, which are themselves highly 
anisotropic, become associated with each other, the auisotropy of the 
associated group is generally much less than that of the single molecule, 
and consequently the Rayleigh scattering becomes highly polarised. Many 
substituted benzenes have such molecules and from the results of investiga- 
tion of the Raman spectra of a few such compounds in the liquid and solid 
states previous authors (e.g. Sirkar and Bishui, 1946) concluded that even 
in the liquid state the molecules of some substituted benzenes, such as benzyl 
alcohol and benzyl chloride may be associated. In the case of disubstituted 
benzenes the ortho and meta compounds may similarly have associated 
molecules in the liquid state while the paia compounds may have only 
single molecules. A compaiative study of the degree of depolarisation of 
Rayleigh scattering in the para compound and that in either ortho or meta 

* Communicated by Prof. S. C. Sirkar 
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compound is, therefore, expected to throw some li.L;ht on the degree of 
association of the latter molecules in the liquid state. 

The value of f>, the factor of depolarisation of Rayleigh scattering in the 
liquid state, however, depends also on the temperature and compressibility 
of the liquid. By studying the temperature-dependence of f> in the case of 
many liquids it was observed by Rao(ip2 7, iqaS) that the factor of depo- 
larisation of Rayleigh scattering remains almost constant up to the boiling 
point and diminishes at higher temperatures in the case of many organic 
liquids. He also showed that the anisotropy of the molecule calculated 
from these results applying the formula deduced on the assumption of 
isotropic polarising field increases with the increase of temperature in almost 
all the cases including carbon tetrachloride. Tie got the liquid sealed in a 
spherical bulb which was placed in a bath kept at different temperatures. 
White light was used as incident radiation and /> was determined by Cornu’s 
visual method. The liquids studied by him, however, do not include disubs- 
ti tuted benzenes, and especially, the ortho, meta and para isomers of the 
same disubstituted compound, and therefore, the results published by him do 
not furnish any information regarding the state of association of the molecu- 
les in the the liquids. It was, therefore, thought worthwhile to study the 
factor of depolarisation of Rayleigh scattering quantitatively in a few such 
compounds. It was also thought desirable to employ the method of photo- 
graphic specti opholometry so that the results could be demonstrated by 
reproducing the spectrograms which would also furnish results for different 
wavelengths. Such results obtained in the case of ortho and para cresol, 

ortho and para ehlorotoluene and carbon tetrachloride have been discussed 
in the piesent paper. 


it X I> R R i m c n T A h 

The liquids were supplied by May and Hakei and they were distilled in 
vacuum at least three times before being introduced in the experimental 
container. The ideal arrangement for studying the Rayleigh scattering 
should provide a parallel incident beam and a scattered light free from any 
extraneous light. The windows of the container should also be plane and 
free from strain so that the state of polarisation of the incident and emergent 
light does not undergo any change u liile passing through these windows. 
In a sealed container heated much above the boiling point of the liquid the 
pressure is likely to be a few atmospheres and this may produce some strain 
in the walls of the container. For this reason it was decided to study only 
liquids having high boiling points at temperatures below their boiling 
points. A Wood s tube of diameter about 26 mm. having a plane window 
for observation of the scattered light and tapering bent tail was used in the 
present investigation. The tube was painted with dull black paint leaving 
a horizontal slit in the window and another long horizontal slit on its side 
The length of the latter slit was about 8 cm. and width about 5 mm. A 
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horizontal mercury arc was used to illuminate the tube and a boiler slit 
consisting of narrow thin copper strips fixed in a wooden frame parallel to 
each other so as to form channels each about 4 cm long, of width 5 mm and 
height 1 cm was used to make the light parallel. The copper strips were 
painted with dull black paint. The effective height of the channels was 
reduced to 5 mm, because the height of the long window on the Wood’s tube 
was only 5 mm. The value of half the angle pf convergence was therefore 
of the order of .12 radians. The same tube was used to study the depolarisa- 
tion of the light secattered by all the liquids. The tube was placed in a 
cylindrical electric heater provided with a suitable window and the tempera- 
ture of the liquid was varied by altering the current in the heater. 

The scattered light coming out through the. window at one of the ends 
of the tube was focussed with a lens on to the slit of a I'uess spectrograph 
in such a way that an image of the rectangular apeiture of the window was 
formed on the slit. A quartz double image prism was then placed between 
the lens and the slit of the spectrograph to separate the vertical and horizon- 
tal components of the scattered light. Ilford Selochrome plates were used 
to record the spectra of the light scattered by the different liquids. The 
experimental arrangement is shown diagrammatic-ally in figure 1. The 



Fig. 1 

H— Hg arc / ; Wollaston prism 

C — channels .S’— slit of spectrograph 

IT— Woods tube 

spectra of the light scattered by the liquid first with the liquid placed in the 
heater at 30° C and next at the higher temperature were photographed 
on the same plate. Different spectrograms were obtained for the same liquid 
in order to get the mean values of p from them. 

The densities of the two components of the scattered light were determined 
by taking niierophotometric records with a self-recording Moll microphoto- 
meter of Kipp and Zonen type. Intensity marks were also obtained on a plate 
taken from the same packet by photographing the spectrum of light of 
tungsten filament lamp scattered by white paper using different known widths 
of the slit of the spectrograph. All the plates were developed under 
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identical conditions. Intensities of the horizontal and vertical components 
were obtained from the densities of the lines with the help of blackening 
log-intensity curves drawn with the help of the densities of the known 
intensity marks. The value of p was first determined in the case of light 
scattered by pure dust-free carbon tetrachloride, using the arrangement men- 
tioned above in order to test the accuracy of the method. 

The values of ft,, the isothermal compressibiltiy of the liquids at 
diffei ent temperatures, were not available from existiting literature and 
therefore an t xperimental arrrngement was set up to determine the values 
of /f, for the eresols and clilorotolueiies at temperatures ranging from 30°C 
up to iSo°C. The apparatus used was essentially that described by Tyrer 
( r ij r 3 } with a little modification. The tube containing the liquid was put 
inside a long cylindrical electric heater and the temperature inside the heater 
vs as niaint lined constant for a long time by adjusting the current flowing 
thiough it. The temperature was measured with a sensitive mercury thermo- 
meter. The arrangement is shown m figure 2. The volume of the tube 


wooden board 

heater 


Fig. 2 



used was 83 c. c. The values of isothermal compressibility was calculated 
from those of ft-,, the adiabatic conipiessibity using the relation, 


ft»—fty + 



x 1.013 x lO 1 * 


7 < -p v 


where v is the specific volume which was also measured. The values of 
for CCb were known but to test the accuracy of measurements in the present 
investigation these values were redetermined. 


R K SUL T S 

The values of ft y and ft v arc given in Tables 1-III. The inicrophoto- 
ineter traces of the two components of the scattered light of different wave- 
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lengths are reproduced in Plate IX. Preliminary calculations showed that in 
the case of CC1 4 the value of p with the unpolarised incident light was ’075. 
A. correction was made for convergence error by simply subtracting half 
the square of the semi angle of divergence (Bhagavantam, iig|o). Tile value 
of this quantity calculated from the geometry of the arrangement was .007. 
Eveu after applying this correction to the value of p for the chlorotoluenes and 
cresols, it was found that the corrected values of p for para compounds were 
almost unity. It was evident from this that there was some loss of intensity 
of the vertic al component owing the reflection at the surface of the prism in 
the spectrograph. A correction factor was to be determined to take into 
account this loss. As the value of /> in the case of CC 1 4 was found to be less 
than that observed by some previous authors (Rrislman, 1925 ; Rao, 1027; it 
was assumed that the coefficient of reflection was 0 2 and the loss was due 
to one such reflection. So the values corrected for convergence weie multi- 
plied by o.S. The observed and corrected values of /> for the liquids at 
different temperatures are given in Tables IV-VI. The values of fi, the 

anisotropy of the molecule calculated from the formula ^ = 5 ^ 1 ft^P are 

M(t> — 7p ) 


given in the last columns of these tables, s being the density of the liquid. 

Tadi.k I 

Carbon tctiachloride 

1 

Temp. I 

Adiabatic compressibility 

Isothermal compressibility 



& y xiu fi per atnios 

x 10® pt>r atnios. 

2 G°C 


7 3 ' 2 <S 

JO 5 

34 *C 


80.5 

116 

64*0 


mi 




Tahi.r II 




Chlorotoluenes 


Liquid 

Temp. 

1 

Adiabatic con possibility 

1 sot her 11 1 a 1 com pressibi 1 i ty 



x m fc per atnios. 

X i<> ( > per atnios. 

Para chlorn- 

3S*C 

.S5 ■ 1 7 

72.16 

toluene 




» • 

«3S'C 

11. » g 

1 5 1 * f *3 

Ortho chloro- 

35 *C 

52 

70 48 

tolucne 




»> 

I 35 ’C 

118 

146.8 
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Tabi.e III 
Crcsols 


I, i quid 

i 

1 Temp 

[ 

Adiabatic compressibility 

0 y x io fi per almos. 

Isothermal compressibility 

P 9 * io B per atmos. 

Tara cresol 

,i.rc 

4 8 3 

52.16 

1 1 

iSoV 

1)9-5 

13^31 

Ortho cresol 

I 

34^ 

4^*5 

49-65 

i 

i 


88.57 

>iS45 


Tabi.e IV 


Cresols 







Isothermal 


liquid 

Hg lines 

Temp. 

Observed 
value of p 

Corrected 
value of p 

compressibilitj 

X io T2 

Optical 

anisotropy 






per dvne 

5 X 10 3 

Para crcsol 

4047 X 

34°C 

1 

■795 

51.84 

TOO 

5461 X 

i8o*C 

.81 

.642 

*35-2 

95 


34 °C 

.98 

.778 

51.84 

82 


M 

i8'.i*C 

.81 

.642 

>35-2 

95 

Ortho crcsol 

4” 47 X 

5 461 X 

34*C 

>5"*C 

34*0 

.8 j 
.6(1 

.Si j 

.64 2 
.522 
.642 

49 33 
-*14-3 

49 33 

26 

42 

26 


M 

i5"*C 

70 

•554 

U4-3 

47 


Tabi.e V 


Chlorotoluenes 
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\aliu* of p 


Isothermal 


I# h] 11 id 

Hg. lines 

Temp. 

Corjected 
value of p 

compiessihility 

X io 12 

Optical 

anisotropy 






per dyne 

6 x 10 3 

Para 

chlorotolnene 

4047 K 

it 

35 “C 
I35°C 

•85 

.66 

.f>7 

•52 

71-65 

150 1 

42 

43 


5461 X 

» * 

35 "C 

I35°C 

.89 

.70 

.70 

•544 

71.65 

35°-I j 

5" 

50 


4047 X 

35“C 

! -52 

.41 

6<l-5 

IO 

Ortho 

chlorotolnene 

»• 

135 “C 

.40 

3i 

146 

*5-5 


5461 X 
>» 

35 

135'C 

.61 

.46 

.48 

•36 

69 5 

146 

13. 1 

19.9 
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PLATE IX 



/>-Crt\sol at 34 C. CC1 4 at 34'C. 

^') at 180 C. (/,i, , „ at 65"C. 

('). 'resol at 34 ('. 

[</). „ „ at 150C. 



(rt) lb) (r) ui) 

Fir- 3 


{( i ). /-Chlorotoluene at 35"C. (c). ^-Chlorotoluene at 35( 

(, b ) at 135"C. (d) at 135 C. 
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Tabbb VI 

Carbon tetrachloride 


Liquid 

Hg. lines 

Temp. 

Observed 
value of p 

Cerrected 
value of p 

Isothermal 
compressibility 
X in * 2 
per dyne 

Optical 

anisotropy 

*xio 3 

CC 1 4 

! 

4047 s 

34 °C 

•°75 

.<>54 : 

115.3 

1.46 


11 

ft 

65 °C 

.056 

•034 s 

149 1 

1 4 Q 


M 

54 61 

34 °C 

»°77 

.<>56 ; 

•<> 3 Q - 

115.3 

i* 5 ° 


II 

*» 

6 S 'C 

.056 

M 9 1 

1 49 



DISCUSSION 


It will be seen from Table IV and V that the values of p for the para 
compunds are higher than those for the corresponding ortho compounds, 
while the percentage change of p with temperature is almost the same for 
both the para and the ortho compounds. The values of p for CC 1 4 at 34°C 
a d 65°C, as given in Table VI, are .054 and .039 respectively for the wave- 
length 4047 A. It is therefore evident that the method of photographic 
photometry has yielded accurate values in this case and the values for the 
other two compounds given in Tables IV and V can be taken as fairly 
accurate. The value of p diminishes slightly with rise of temperature in the 
case of CC 1 4 . Such a diminution was not observed by Rao(iQ27) who observed 
by visual method that p was constant up to i2o°C in the case of CC 1 4 . This 
diminution at higher temperature clearly indicates the absence of any 
influence of unresolved rotational wing on the value of p. The value of 
p decreases with increase of temperature in case of the cresols and the cliloro- 
toluenes. The large value of p in the case of the para compounds is 
evidently due to the large anisotropy of the molecule and the smaller value 
for the ortho compounds is therefore due to the decrease of anisotropy 
caused by formation of associated groups of molecules as pointed out by Rank 
(1951), because the anisotropy of the single ortho molecule can not be very 
much less than that of the para molecule. Such a conclusion is supported 
by the changes in the values of 8 calculated from the values of p at different 
temperatures. 

It is seen from Tables IV and V that the value of 8 for the two para 
compounds remains almost constant with rise of temperature, while it 
increases in the case of the ortho compounds. The increase in 8 is about 
50% for a change of temperature of about ioo°C in the case of o-chloro- 
toluene and ns°C in the case of o-cresol. These increased values at high 
temperatures are still much lower than the values for the corresponding para 
compounds. These results may be explained on the assumption that at the 

3— 1833P— 3 
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room temperatures most of the molecules are associated, the value of 8 for the 
associated group being less than that of the single molecule at the higher 
temperatures, lu the case of the para compounds no such association takes 
place and therefore the anisotropy of the molecule is higher and it remains 
constant with the rise of temperature. 'I he persence of OH group with 
/>-cresol molecule evidently makes the anisotropy of the molecule larger 
than that of the />-chlorotoluene molecule. 

The values of 8 for carbon tetrachloride at 34°C and 65°C, given in Table 
V, show that the value is about .0014 at both the temperatures. This 
constancy of the value of 8 is also expected in this particular case, because 
the molecule being isotropic any change in the very small value of 8 with 
temperature can not be easily accounted for. Of course, Rao (1927) 
observed that the value of 8 for carbon tetrachloride increased from .0016 at 
3o°C to .005 at 2bo°C. The value of 8 for the vapour calculated from a 
value of p equal to 0.5% was found by him to be .004. The value of p for 
carbon tetrachloride vapour has since been corrected by Parthasarathy ^1951) 
the revised value being 0.12%. The value of 8 calculated from this value 
of p is .0023. It has, however, been remarked by Parthasarathy (1951) that 
the corrected value of p for carbon tetrachloride vapour is almost negligible. 
As it is more difficult to measure small values of p by the visual method, 
the value observed in the present investigation for the CO* in the liquid 
state is probably the upper limit of the value of 8 for the carbon tetrachloride 
molecule. Probably the strain in the glass container which might develop 
at high temperatures was responsible for the high values of p for liquid carbon 
tetrachloride which were observed by Rao (1x927) at these temperatures. 

It is thus evident from the given discussions that a comparison of the 
values of p for polar and nonpolar molecules of similar structure can really 
furnish much information about the nature of association of the molecules 
in the liquid state. 
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ON THE LARGE LOAD CHARACTERISTICS 
OF VAPOUR PUMPS 

By S. K. MUKHKRJUK andP. K. DUTT 
Institute of Nucleak Physics, Calcutta Pniviiksity, Calcutta 

( Received fot publication , November 11, 1952) 

ABSTRACT. The different characteristics of vapour pumps undei various leak-load 
and forepressure conditions are studied. The leak load position dependence of forepressure 
is investigated ftom which different conditions of critical forepressure axe distinguished. 

INTR O DUCTloN 

Since the pioneer theory of Oaede (1015, 1923) and a much later attempt 
by Matricon (1932), on the performance of a i ‘vapour stream pump , much 
work on its performance has been done to collect data in the attempts to 
verify the theories (Blears and Hill, 1948 ; Dayton, 19 j8, Ho ; 1932). Specially 
the influence of heater input, forepressure and load, on the performance 
of a pump has been much discussed. The present paper is an investigation 
of the vacuum characteristics of a pump in their relation to leak-load and 
its position. 

Normally, a vapour pump is charactei ised by three specific factors : 

1. The ultimate vacuum : i. e. highest vacuum reached. 

2. The speed : i .e. average litre-micron that is handled throughout 

the operating range. 

3. Maximum load handling capacity : i. e. peak load that can be 
tolerated by the pump before jet-breakdown. 

It is well-known that backing pressure in case of a goud multiple jet 
pump has no effect on the speed until a certain critical value, called the 
critical forepressure, is exceeded when the speed drops rapidly. Ihe relation 
of speed to fine pressure shows (figure i) that fine pressure falls from 
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the forepressure value to a value Pa when the vapour pump takes over from 
the backing pump. In this region the speed rises to a maximum value 
Pa and then remains constant upto Pn beyond which it gradually decreases 
until it reaches the ultimate vacuum P (> . Here the effective pump speed is 
/ci o because the real pump speed at this stage is just counter balanced by 
the evolution of gases and vapours from the system and operating pump fluid. 
It may be noted that real pumping speed is the same throughout the 
operating range. It is the effective pump speed which falls to zero from a 
maximum value. We consider a system directly connected to the vapour 
pump. We assume the validity of the equation of continuity in the case 
of the flow of ah past different jets. V or the sake of simplicity, we omit lierc 
the dependence of speed on the effect of back diffusion of air whose contri- 
bution to the lowering of speed is generally small for a well designed pump, 
specially at higher heater input. The pumping aclion is provided by the 
vapour stream of the operating fluid directed downwards by directed jets 
from high vacuum side to the fore vacuum side. The gas is compressed 
by the jets and fed to the backing pump at sufficient pressure to enable the 
backing pump to handle it before the jet breaks down. The pump remains in 
in working condition so long as this pressure giadient is maintained from 
high side to fore side. This power of the jets to compress the gas (i. e. the 
critical forepressure) is dependent on jet design, number of stages in the 
pump, the operating fluid and the heater input. But the maximum gas load 
tolerated is determined by forepiessure at which it is operating at a constant 
heater inpul. So breakdown forepressure is always associated with gas load 
or leak in the system. As against this condition, when a leak load is placed 
in the forevacuum part of the system, only a very slight increase of fine 
pressure will result until, of course, the leak will increase the forepressure 
to such an extent that the jets breakdown. These two jet breakdown 
forepressures may be completely different. 

The following cases may conveniently be classified : 

I Leak-load, introduced on the fine side, is mcreised ti 1 ! jefs breakdown 
corresponding forepressure, fine pressure relations observed and the critical 
forepressure noted. 

2. Leak-load introduced in the fore side, the fine side of course, is 
considered to be leak-free. 

3. Leak-load introduced in the fine side is kept at a certain level at a 
constant heat input. Additional leak-load introduced in the foreside is 
progressively inci eased till jets breakdown. 

In each of the above cases, heat input is varied. 

It is evident irom the foregoing classification, the forepunip used should 
be sufficiently large and the heat input in the vapour pumps should be set 
at an optimum value depending on the gas handling capacity. Also a 
series of values have been taken at different leak rates, so that the curves 
can be plotted over the entire range. 
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liXPKRTMItNTAL ARRANGHMKN T S 

In our experimental set up, the vapour pump used is a three stage a " 
diameter pump of our own make. It is backed by a mechanical pump of 
Leybold’s type XI of pumping speed 0.5 litres/ sec at io -3 mm. The 
forepump connection is short and of sufficiently large diameter so as to 
have little influence on the forepump speed and its measurements. There 
is a valve in between the mechanical and vapour pump, and leak valve 
is also connected there with a ballast. This leak valve is capable of 
controlling leak of the order of 2 lit-micron. There is the usual arrangements 
for measuring pressure by means of Pirani gauge (checked at interval 
against a Mcleod gauge), ion gauge etc. A test dome is used for gauge 
housing and leak entries. The diameter of this test dome is larger than 
the tn.p.f. of the molecules of the vapour and the leak is introduced in such a 
way as to eliminate any dreciional characteristic due to beaming. The speed 
measuring apparatus is a constant pressure type and is a modification of 
Howard’s (1935) apparatus. The essential alteration is an arrangement for 
keeping the pressure inside the measuring apparatus constant and entire 
elimination of the capillary system which is substituted by a precision leak 
valve. The actual experimental arrangement is shown in figure 2. The leak 
in the fine side is also controlled by a precision leak valve of the same type as 
that used in the fore vacuum part of the system. The pressure is measured 
by means of an ion gauge connected to the dome through a liquid air trap. 
A Mcleod type gauge is used for frequent checking. 



Fig. 2 
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KXPI5RIMKNTH R TO S V L T S 

Using the method outlined above, speed and pressure measurements 
were made under conditions given below : 

The usual fine pressure-speed characteristics of the pump at different 
heat inputs are shown in figure 3. 

1. Fine side leak : forepressure : 

The leak was introduced on the fine side by means of leak valve l 7 2 . 
The forepressure at which the jets just break down was noted in each case 
of a particular heater input (figure 4). This jet breakdown is indicated by the 

sudden start of continuously increasing pressure in the ion gauge reading 
and the ultimate swing towards foreside pressure. The heat input variation 
ranges between 880 W-1050 W. 

2. Foreside leak : fine pressure : 

Quite distinct from the previous case, are the cases where the leak was 
introduced in the foreside (figure 5). The curves represent cases of different 
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heater inputs, the fine side is, of course, kept load free. The figures within 
bracket give the forepressurc and fine pressure respectively recorded just 
when the jet breaks down. 

3. Fore pressure : fine pressure of different load : 

Figure 5 indicates tbe effects of additional leaks on the foreside till jets 
bteak down ; the fine side pressure in this case is kept at definite levels by 
means of leaks on fine side; the heat input is, of course, kept constant. The 
jet breakdown points are indicated by fine side pressure which means that 
up to that fine pressure can be measuied after which jet breaks down. 

Curves of figure 6 give the relation betweeu jet breakdown forepressures 
with the fine side pressure due to leakload 011 that side at different heat- 
input. Figures S and 9 represent cases where relation of forepressure with 
speed is calculated for different fixed loads on the fine-side. 
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DISCUSSION 

It is noteworthy that the effect of a small leak load on the ultimate 
vacuum produced will he small or pronounced according as it is situated 
on the fore or the fine side. This is amply borne out by the curves in figures. 
7 and S. The very sh irp critical forepressure is to be noticed, particularly 
in the case when the leak is inliodueed in the fore side. Quite different 
is the case when the leak is intiochi 'ed in the fine side. Any rise in the 
forepiessure is not reflected in the fine pressute until the critical furepressure 
is reach _d. The explanation is obvious from the working of the vapour pump. 
So long as the jets are able to maintain an effective seal between the two 
sides, any leak in the forepresstire side will have little effect on the ultimate 
vacuum produced. Less beating than the rated minimum value may mean 
that the jets are not dense enough to stand a comparatively large pressure 
differential. On the other hand, when the rate of heating is too large, vapour 
molecules aie imperfectly condensed on the pump walls, resulting in 
increased back-diffusion which will lead to reduction in speed and ultimate 
vacuum, (figure 4, curve-II. I. 1050). Another explanation offered by some 
authors is that at higher heat-inputs, a temporary cracking of fluid may 
take place giving off higher vapour pressure components, with consequent 
worsening of ultimate vacuum, which may take place concurrently with the 
first effect at higher heat inputs. 

In our experiment we did not study individual jet breakdowns, but by 
jet breakdown the breakdown of all the jets is meant, as a result of which 
the vapo.trpump ceased functioning. 

It is evident from the foregoing discussions that a knowledge of these 
characteristic curves under leak load should be very helpful particularly 
when used with kinetic systems with heavy loads. For example, in the 
case of \aemim smelting of magnesium, or similar other large kinetic systems 

used in indust lies, these pump characteristics are essential to choose proper 

types of pumping systems to be used. 
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MOLECULAR DIAMETER OF A LIQUID 

By M. O. BHATAWDEKAR 
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ABSTRACT. Knowing the potential energy of a liquid, an idea is gained about the 
molecular diameter. The pressure within liquid carbon dioxide and etlivl alcohol at 
different temperatures is calculated ; for the former, change in free energy and internal 
energy is also calculated. 

This paper is in continuation of the previous ones by the author 
(Bhatavvdekar, 1951 and 1952). As explained (Bhatawdckar 1951), the free 

energy H, internal energy /i, and --JJ are determined for carbon dioxide 

a 7 

with the help of ft (Tables I and II) Applying Virial theorem (Bhatawdekar, 
1952), the pressure within carbon dioxide and ethyl alcohol is also calculated 
at different temperatures (Table III). 


Tahi.K I 


Temperature 

V 

| Log k m 

No of 
maxima 

/ 

F 

r-df 7 ) 

-30 

9.0405 

70 
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2.1 X IO* 

3.4 Xio' 2 
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75 
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8.6 X io 3 

5.1 X 10 2 

-10 

9.0061 

75 
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4.7 * 10* 

7,4x10*2 

0 

10 9899 

80 

890 

r.5 X IO* 

1. 1 X 10 ] 

10 

io 9743 

85 

TI 35 

9 tjXio 5 

1.5 x lo”l 

20 

10.9592 

90 

1335 

8.5x108 

2 5X1C>~1 

3i.rc 

io.9431 

95 

2800 

3.9 X TO 9 

1.0 x 10 0 


A general study of the variation of potential energy of a liquid with 
temperature shows that the author’s earlier observation that water tends to 
show an anomalous behaviour is wrong. It is of general application. It is 
general occurrence with a liquid that its potential energy diminishes with 
diminishing temperature, becomes zero, and then reverses its sign. This 
change of sign is noted in the case of water and ethyl alcohol at temperatures 
between 7o°C and ioo°C, and 80 0 Cand i2o°C respectively. Similar observations 
are also possible in other liquids only if calculations can be carried at still 
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Table II 
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Table III 
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lower temperatures. The potential energy is assumed to be due to the 
existence of intennolecular forces. The change in the sign of the potential 
energy is interpreted as due to the change in the nature of the intennolecular 
forces which are known to depend on the intennolecular distances. Due to 
the dipole character of the molecule, they exert an attractive force F , on each 
other which varies as \jr*. When at lower temperatures, the two 
molecules approach very close to each other and due to the similar electronic 
shell charges they repel each other with a force 1? , varyiug asi/r*. 
Therefore, the resultant molecular force F = F.—F t = A/r‘ =B/r' . 

I he value of r — t 0 for which the resultant force becomes zero gives the 
equilibrium distance between the centres of two molecules and is equivalent 
to the molecular diameter <r (Saha and Shrivastava, 1935) . 
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For a distance greater than r Q , (i.e. at higher temperatures) the resultant 
force will be the force of attraction and hence, the potential energy has 
plus sign, at smaller distances (i. e. at lower temperatures), the repulsive 
force will preponderate giving us the negative potential energy. When the 
resultant molecular force is zero the potential energy will also be zero. So, 
a graph is plotted between r [r=(i!dv ) ,/:{ , where d is the density of a liquid 
and N denotes the number of molecules in one gram of the liquid] and the 
potential energy. By extrapolation, r t » corresponding to zero potential energy 
and hence molecular diameter are known. The values of *r so determined are 
shown in Table IV, second column, while in the third and fourth columns 
are shown values calculated with the help of viscosity and Vander waals’ 
constant data. 


Tahi.k IV 


Substance 


From potential 
energy 
rr/'X l Q®C111 


From viseositv 
data 

(tv X loVm 


From Vander Waals 
constant 
(t i, X m 8 cm 
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2 .(S 4 
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C( >2 

3.84 

3 44 
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3.05 

4 05 
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2 75 


The accuracy of will depend on the accuracy of the calculation of fi 
and extrapolation in graph. The error is of the order of ± 0.06 x io“ 8 cm. 

I11 the case of NIT, and CCl lt by plotting a graph between d£'dr and r, 
it is observed that d£jdr oci/r w , where m lies between 9 and 9.5. It is a 
matter of chance that the value of m comes out to be approximately the same 
for Nil* and CCJ 4 . It was, therefore, possible to get an equation of state 
where virial function is the same function of the specific volume of a liquid. 
N and t never have same values for all substances f Saha and Shrivastava, 1950) 
and hence the value of m will be different. Therefore, virial function will 
be a different functiou of volume of a liquid giving us different equations 
of state for different liquids. Further studies are under progress in this 
direction. 

Explanation , of the symbols used. 

fc=si/2RT where R is the gas constant and T is the absolute temperature 
mss the mass of the particle 


oe 
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px 2 V x 2 + b cos 2 gx — \/ x 2 + b + 2 




V x 2 + b 


where u 2 — b — x 2 


, 1 6n 2 m* 
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2 V l _ /\mL _ , 

) — — “ UiJ 



a— thickness of potential hairier 
L = latent heat 
h ~ Planck 's constant 

F = the total probability of a molecule crossing the boundary 
d~ density of saturated vapour 
D= density of liquid 
/?=the correction term 
<l>lk = = £ 

potential energy of a liquid 
I 7 ,, F 2 = Volumes in liquid and gas phase respectively 
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A DISCUSSION ON THE SPECTROSCOPIC STATE OF 
TETRAVALENT CARBON IN THE HALOGEN SUBS- 
TITUTED DERIVATIVES OF METHANE, AS 
REVEALED BY ABSORPTION SPECTRA 

By PRAUHAT K. SUN GOTTA 
MtiTKOKoi,or.iCAi, office, Safdarjanc. Air Port, New Diani 

(Received for publication, December 10, iqs~) 

ABSTRACT. The view that tetravalcnt caibon ill the halogen substituted derivatives 
of methane has the electronic configuration n 2 2 s 2 2 p- OP 1 1) '.S’) is supported bv a 
comparison of energy values corresponding to the first long wavelength limit of continuous 
absorption in these compounds with the values of eneigv of carbon-halogen bond calcula- 
ted with the aid of thertnocheiuiea! data In the calculations the latent heat of sublimation 
of graphite recently proposed by the author has been utilized. 

INTR O I) IT 0 TION 

For over two decades a number of papers and discussions have appeared 
on the absorpion spectra of the halogen sub diluted derivatives of methane. 
Bands as well as continuous absorption regions have been found, but a 
common feature of all these compounds is that towards the longer wave- 
lcugth region, the first absorption is a continuous one, beginning from a long 
wavelength limit. It is also seen that in the series. ..CH 3 X, CHjX a , CHX S , 
and CX 4 , where X is Cl, Br or I, the long wavelength limit of absorption 
shifts towards the longer wavelength side, as each II atom is substituted by 
the same halogen atom successively (Herzberg and Scheibe, 1930 ; Henrici, 
1932; Saha, 1933; Hukumoto, 1935 ; Paiti and Samuel, I937>- For 
instance, for the compounds CH a Ci, CH a Ci a , CIIC1 3 and CC1 4 , the long 
wavelength limits of continuous absorption arc found to lie at AA 2200, 2500, 
2660, and 2800 A respectively. The same effect has been observed in the 
in the series CfI 3 Cl, CH 3 Br, and CH 3 I and other similar compounds as the 
halogen is successively substituted in the order Cl, Br, and I. 

The author’s experiments (Sen Gupta, 1933). howevu , showed that if 
the halogen is left undisturbed in a series like CH.Cl, C a H t Cl, C a H T Cl..., 
there is little shift in the long wavelength limit of continuous absorption. 
These results have led to the belief that it is the carbou-halogcn bond in 
the compounds which is responsible for the first continuous absorption and 
and the shift of ils long wavelength limit towards the longer wavelength 
side. A region of continuous absorption is usually ascribed to a photo- 
dissociation of a molecule into some of its constituents. In this case 
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absorption ot light quanta corresponding to the first long wavelength limit 
of continuous absorption is supposed to cause a rupture of the first carbon- 
halogen bond with the release of one halogen atom in the normal state 
(Sen Gupta, 193O). In terms of Prauck-Condon diagram, this process is 
represented by a vertical transition from the stable ground state of the 
molecule to the first excited electronic state which happens in this case to 
be a repulsive tf'i cm vc .indicating dissociation). Hence the energy 
corresponding to the first long wavelength limit of absorption is expected 
to give an idea of the stienglh of the first car bon -halogen bond. The 
experimental \ahie is, however, generally higher than the real value, as the 
repulsive IJ ■ 1 curve has a slope at the point of transition, with the result 
that a small fraction of the absorbed quanta passes into the products of 
dissociation as kinetic energy. Therefore, while comparing experimental 
values with calculated values, it has to be borne in mind that the latter 
cannot be higher. 

1 he experimental values are given in the second and third columns of 
Table V. Although the long wavelength limit should have a single value 
for each compound, there seems to be some disagreement in the results of 
different workers. The discrepancy is apparently due to the fact that with 
the experimental method adopted in some of the investigations it was not 
possible to reach the limiting value. In Table V, therefore, the values 
obtained by the author (Sen Gupta, 1933) and Saha (1933) have been 
given for the compounds investigated by them. For the other compounds 
the highest wavelength limit available from difleient investigations foi each 
compound has been selected as being most representative for our puipose. 


C A I y C U I. A T I () N () l*' H ( ) V I) Iv N r (; y 

I lie energy ol tile carbou-lmlogen bond has been calculated with the 
aid of thermochemical equations and spectroscopic data. Our object is to 
find the energy tequired to repture the first carbon-halogen bond, but the 
above method gives only the average value. The case of CII 4 has been 
discussed by the author (Sen Gupta, 1951 ) recently. The four C-II bonds 
are situated symmetrically with respect to the same carbon atom, but from 
direct determinations it has been found that the energy required to break 
the first C-II bond is much higher than that for the last one (Anderson, 
Kistiakowsky ana Van Artsdaleu, 1943 ; Kistiakowsky and Van Artsdalcn,’ 
1944; Stevenson, 1942 ; Slndei, 1930; Voge, 1948). Voge has estimated 
that ior±r, 90, So, and So k.cal. are required for the removal ot the H 
atoms in C H, iu succession. Accepting Voge’s figures, the average bond 
eneigy comes out as (101 190 + 80 + 80)4 that is equivalent to 88 k.cal., 
which is much lower than the energy required to rupture the first C-H bond 
(ioi±i k.cal.) If we postulate that the same proportion in bond energies 
is maintained amongst the different bonds of the halogen substituted 
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Table III. CHX* 
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Cl ; Br 

i 

] 

Cl j Br j 

l ' 

I 


Reactions 

keal j 

kcal 

kcal 

kcal 

kcal 

kcal 

kcal 

kcal 

kcal 

kcal 

kcal 

kcal 

40HX3+5O2 -> 

4 t'( >2+2113(1+6X2 

2S1 i 


648 

281 



648 

281 

— 

648 

281 

— 

648 

6X 2 — >■ 12X 

aHjO — ► allal-Oj 

-348 ! 


-270 

-348 


-270 

-348 


-270 

-348 


-270 

-llS ' 


-US 

-118 


-118 

-118 


“ii8 

-ii8 


-118 

2II2 — ^ 4^1 

4CO2 — 4 IC]- 4 - 4*->2 

-210 | 


-210 

“2fo 


-210 

-210 


-210 

-210 


-210 

- 37 6 | 


-376 

-376 


-376 

-376 


-376 

-376 


-37^ 

4 1C 1 — > 4^-(x) 

-475 


■475 



-591 

-721 


-721 

-859 


■859 

011X3— ■* 0 (X) +II+3X 

- 3*2 


-200 

-341 


-229 

373 


-262 

-408 


-296 

Energy of last C-H 
bond (80) 

So 


80 

So 

I 

So 

80 


80 

80 


80 

Total energy of 

3 (C-X) bonds 

1 

232 


120 

261 

j 

149 

2 Q 3 


1 

182 

i 

328 


216 

Average energy of 

77 


40 

87 

1 

1 

50 

98 


61 

109 


72 

(C-X) bond 





1 








Energy required to 
rupture the first C-X 

bond. Average x-^- 

i 86 

| 

i 

45 

9 « 

■ 

! 56 

1 

1 

3 10 

1 

1 

1 

1 

i 

j 

i 

68 

122 

t 

i 

1 

81 

90 

I 




i 

J 

1 

1 



1 



Table IV. Cd, 


Spectroscopic state of carbon ... (x) 

X* />* sp 

x 3 /> 3 *Z> 

x 3 /> 3 15 

s />3 *>5 

Reactions 

kcal 

kcal 

kcal 

kcal 

CCI 4 +Oj-> C 0 2 + 2 C 1 v 

45 

45 

45 

45 

COy > [C] + < >2 

- 94 

- 94 

- 94 

- 94 

2 C1 2 4 CI 

-1 16 

-116 

-ii6 

-ii6 

[Cl C(x) 

-1 19 

-148 

-180 

-215 

CC1 4 -»■ C(x) + 4 C] 

-284 

-313 

-345 

-380 

Average energy of C-Cl bond 

mi 

78 

86 

95 

Energy reguired to rupture the first C-Cl 


89 

100 

209 

bond. Average x 1 ^ 

00 

mi 
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Tajh,k V 


: 

I First long wavelength limit of 

I continuous absoiption 9 

Kncrgy of carbon-halogen bnrrt 
taken from Tables f to IV 

Compound 




> — 


Wavelength in A units 

k-cal 

Upper limit corresponding to 

Configuration 



1 

configuration is ' 1 2 v* 2 2 p 2 . . 

IS* 2 2i 2 />*' *S 




3p 1/j \ S 





1 kcal 

kcal 

CH3C1 

2200 (Sen Gupta, 1933) 

3:9 

1 126 

161 

CH a Cl a 

2500 (Saha, 1033) 

114 

i 121 (lower limit 88) 

139 

cTich 

2660 (Saha, 1933) 

107 

1 10 (lower limit 86) 

122 

cci 4 

281.0 (Saha, 1933) 

102 

i ICO 

log 

CH a Br 

2415 (ITukumoto, J935) ' 

118 

j 1 1 

146 

CII 2 Brj, 

2507 (Huirioi, 1932) 

U3 

1 


CHBr, 

2750 (Hukunioto, 1^33) 

i"3 



CHr 4 

2932 (Parti and 



i 


Samuel, 1937) 

97 

i 


ch 3 i 

2952 (Hukunioto, 1935) 

96 

! 92 

127 

ch,i 2 

3499 (Hukunioto, 1935) 

81 

77 

95 

CHI 3 

3730 (Parti and 





Samuel. 1937) 

75 

68 

81 

CI 4 

3930 (Parti and 





Samuel, 1937) 

72 

1 



Tahi.k VI 

Data used in calculations. 


Heat of combustion 

k cal. 

CII3CI 

173 

CH 2 C 1 2 

106 S 

CHCl, 

7o 3 

CC 1 4 

44-5 

CHqBr 

184 

CH 3 I 

200.5 

CH a r 2 

178 

ci-113 

162 

Heat of formation ; C 0 2 

94 

2TI2O 

1 18 

Heat of dissociation Cl 2 

5 * 

Pr 2 

50.2 

h 

45 

H q 

*°5 

Latent heat of sublimation of graphite into 

C(P 3 ) atoms. (Sen Gupta, 1951) 

2 1S.7 

Spectroscopic term differences for C atom. 

s* />2 3 p _ S 2 p 2 

IOJrj.1 5 dll' 

52 /> 2 3 p ^ s 2 p 2 l S 

Z1648.7 „ 

S 2 P $ 3 p _ 5^,3 55 (Sl iens tone, 1947) ••• 

33735-3 .. 


compounds of CH 4 also, it is possible to estimate the energy required to 
break the first carbon*halogen bond in the following mauner. 

(a) CHjX : There is only one C-X bond. The total energy of the last 
three C-H bonds equivalent to 90 + 80 + 80 = 250 k.cal. has been allowed 
for in the calculations. (Table I). 
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(/>) CII 2 X 2 : There are l wo C-X bonds, and therefore the energy of 

the first C-X bond is taken to be an equivalent to t v » — 101/96 of the 

(IOI 4 - 90)/ 2 

aveiage value determined by the thermochemical calculations. In the cal* 
dilations the value of the last two C-H bonds equivalent to 80 + 80= 160 
k.cal. has been taken into account. (Table II). 

(c) CHX a : There are three C-II bonds of which the first is being taken 

as equivalent to — — 101 , = TOT of the average value. The last C-II 

(101 + 90 + 807/3 90 

bond has the energy value=»So k.cal. ( I able III). 

(J) CX., : There are four C-X bonds, of which the first has the energy 

value equivalent to , 101 - of the average. (Table IV). 

(101 + 90 + 80 + 801/4 8S 


s r u c t roscopic s t a t k < > f t n travurnt car b o n 

In a recent communication the author (Sen Gupta, 1951) suppoited the 
view that in CM.,, the carbon atom lies on the is 2 2 s"ip 7 — ' 7 > X D ’.S state. As 
the alternative view that the carbon atom may lie in the ''S state of the 
configuration is' 2 s 2/>*‘ is also held by sonic investigators, it is proposed to 
examine both the views as applied to the halogen substituted compounds of 
CH 4 . The calculations aic gi\en 111 each case in Tables I to III. Thcrino- 
cliemical and spectroscopic data used in these tables are given in Table VI. 
In Table V, the calculated value.s of the energy required to remove the first 
halogen atom, according as the carbon atom has the configuration s 2 p 2 or 
sp' are given in the last two columns, against the experimentally determined 
values of the first long wavelength limit of continuous absorption. It is 
seen that the figures corresponding to the sp* *\S or carbon are much higher 
than the experimental limits and obviously absurd. There is much better 
agreement with column 5 of the same table, that is, if we assume that 
the carbon atom lies in the is" 2s 2 2p 2 — * 1 * l D l S state. 
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AN ACCURATE DETERMINATION OF THE TORSION 
CONSTANT OF QUARTZ FIBRES USED IN THE 
MEASUREMENT OF THE MAGNETIC 
ANISOTROPY OF CRYSTALS 

By SUNIL KUMAR DATTA 
Department ok X-rays \nd Magnetism, Indian Assomnox for thi« 
Cultivation ok Science, Calcttt\ 

(Received lot- publication , Septenibei //, toji) 

ABSTRACT. The torsional oscillations of circular discs with suspensions of quart/, 
fibre have been studied for the determination of the torsion constant of the blue. The 
correction of the time period for the damping of oscillations is found to be generally very 
small The damping force is proportional to thr first power of the angular velocity for 
small values of velocity, but to a higher p nver of velocity when it is large The damping 
tactor is found to be practically constant for the former case, dependent only on the 
dimensions of the vibrator and the fitters aliening the \iseosit> of air. The efltcts of 
pressure, boundary conditions etc. have also been studied 

j. INTRODUCTION 

In connection with the measurements of magnetic anisotropy of crystals, 
Krishnan and Banerjee (19.35) have developed a method, depending upon 
the measurement of the critical torsional couple acting upon a crystal, 
suspended vertically in a homogeneous horizontal magnetic field, with a 
fine quartz fibre. The critical couple ou the crystal is obtained when the 
direction of maximum magnetic susceptibility of the crystal in the horizontal 
plane makes an angle of n-/' 4 with the direction of the magnetic field, and 
is given by the equation : 

AX«.2M</<x i - A ... (1)* 

*nll \ A ) 

m being the mass of the crystal and M its molecular weight, H the 
field strength and c, the torsion constant of the fibre, c is determined by 
suspending from the fibre a body of known moment of inertia, / , and 
observing the period of oscillation, T, where 

r=2JrJ---~ ... (2) 

\ c 

Since c is proportional to 1/T 2 it should be measured as accurately as 
possible. Wilh due precautions it is not difficult to measure T with an 

• For small values of «, a correction term should be introduced (Krishnan, Mookerjee 
and Bose, 1939) ■ 
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accuracy of i in 2..00 which is all that \vc desire for our present purpose- 
Owing to the resistance of air, however, an oscillating body does not execute 
S. IT. M., but has a damped oscillatory motion usually given by : 


/ d '° + R d0 -\ N U - o ••• (3) 

dl' dl 

where T is tlie moment of ineitia of the vibrating body, dd/dl, the angulai 
velocity, /\\ the resisting fence elite to air ('damping factor) and N, the 
restoring force. This eej nation may he written as 


d 2 6 
dl 8 


•t K 


dO . .. a _ 

d\ 


(3) 


where, k is related to the logarithmic decrement of amplitude, A, aud the 
time period, 7\ of the damped motion is given by the relation 


K 


= 4 A 
T 


(5) 


The time period, 


T„, of the system in the absence of damping is given by 


T„ 


T 


7T 

\f it~ -f A 2 


*» 7 ’ 



( 6 ) 


The above equation shows lh.it the undamped penod is less than the observed 
period by an amount /'A / 2" . in determining c in connection with 
magnetic measuionients, this damping collection of the time period has been 
neglected by previous workers. 

In pursuance of a programme of improving the accuracy of measurement 
of tlie quantities involved in equation • 1 ) to 0.1 % in order to determine 
the action of long range electric fields on paramagnetic 1011s (Bose and Mitra, 
1952), tliis piece of work was undertaken to investigate : (?) whether the 
above correction factor is of sufficient order of magnitude to be introduced 
in the calculation of c ; and (ii) the conditions of experiment on which the 
damping factor, R, and hence, c, depend. 


2 . I’RIiVKKiS OliSIikVATloNS ON TuRSlDNAL 
OSCILLATIONS AND I ) A M l» I N O l f ACTORS 
W I T It O U A R T Z 1 -' I li R R SURl’liNSI O N S 

Torsional oscillations of a disc or cylinder have been employed for the 
determination of the modulus oi rigidity of quart/, fibres by Boys ( I 88g), 
Thtelfall fi8yg>, Barnett (1898) aud more elaborately by Horton (1905) who 
observed many precautions and collected the period of oscillation for 
damping. It was observed that the rigidity of the fibres lemained ptactically 
constant with time whilst it gradually increased linearly with temperature 
upto about 8oo"C and then decreased sharply. The period of oscillation 
and the logarithmic decrement also remained constant for small as well as 
for moderately large amplitudes. The logarithmic decrement, from which 



Determination of Torsion Constant oj Quartz Fibres , etc . 157 


the viscosity of the medium could be calculated, remained constant at lower 
pressures down to about i/6oth of an atmosphere and then decreased 
markedly (Maxwell, 1806 ; Kundt and Wat burg, r87s». The logarithmic 
decrement, A, at a pressure V is lelated to the logarithmic decrement, A„, 
at the normal pressure P„ by the equation (I)ushnian, iop>). 


Ap — fX 



(?) 


where the decrement due to the internal viscosity of the fibre and 

C f and d are constants involving P 0 and the apparatus set-up. 

Although the resisting force causing damping was at first assumed to be 
proportional to the first power of velocity, later work showed that damping 
might be proportional to the square of velocity. Thus : 



Peirce (1908) observed from photogiaphic rccoul-. of oscillations of 
galvanometer mirrors and other vibrating systems that there was an 
appreciable departure from the (laussian law equation }). The logarithmic 
decrement decreased rapidly for the first tew r oscillations after which the 
value of the decrement slow'ly decreased and for ordinary purpose? could be 
regai ded as constant. By increasing the restoi mg moment the coefficient of 
damping generally increased rapidly. Approximate solutions of the equations 
(S) for successive amplitudes and periods were obtained by van V, null 11917) 
who gave the solution for the time period as 


Vi + 2 k 7 'J 


( 9 ) 


the value of k' being obtained by the method successive of approximation. 
Similar results were derived by Po^clil (1928). 


3. K X P IC R T M l\ N T A L 

Sevetal pieces of cylindrical discs of various dimensions and materials 
(ebonite, glass, aliuninimum and steel) were procured, their diameters and thick- 
nesses measured accurately with a screw guage reading to 0.001 mm and their 
weights noted accurately to 0.0001 gm. They were suspended by means of 
short and thin pieces of glass rods from quart/, fibres either vertically along 
any diameter or horizontally with their axes continuous with the fibres with 
the help of the hair line in a telescope set vertical with a fine plumb line. 
The fibres were of different lengths and thicknesses with their upper ends 
attached to a torsion head. Minute quantities of shellac were used in 
attaching the discs to the rods, the correction factor foi shellac and the rod 
being assumed to be small. The torsion head was placed on the top of a 
wide glass tube with its bottom opening into a box, 20 x 15 x 15 cm 3 with 
a sliding glass front. The discs could be made to oscillate at the centre of 
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the box. Two other suspension chambers were used, one an air-tight glass 
tube capable of being evacuated through a side tube and with a plane glass 
window through which the vibrator could be viewed, and the other a narrow 
tube having a diameter } or 5 nun greater than two of the glass discs 
(Nos. and 5) and with a similar glass window. Kach of the ebonite, 
aluminium and steel discs corresponded in dimensions as nearly as possible 
with 011c of the two glass discs (Nos. 5 and 7). For vertical suspensions 
the reflection of an illuminated cii cuiar scale by the glass disc, either as it 
is, or with its surface thinly silver-coated, was observed in a telescope. In 
the case of discs of other materials, small portions of mirrored cover slips 
were attached to the discs, due account being taken of the inertia of the 
mirroi. F01 horizontal suspensions, very small triangular (isosceles) portions 
of such Illinois (base about 3 uiiu, height o mm) weie attached vertically to 
the glass rods bearing the discs. This procedure reduced the size of the 
mirror to a minimum giving at the same time a just sufficient view of the 
scale graduations. In order to estimate the small damping due to the mirror, 
a second minor of about the same size and shape was fixed above the first one 
and the decrement was measured. It was found that the maximum increase 
in damping amounted to about 3 or \% % according to the size of the vibrator, 
being less in case of large discs <cf. glass discs Nos. 5 and 0, Tables I and 
VII). The correction factor being uncertain, the data have been recorded with- 
out correction. The period was obtained by noting the passage of the rest 
point of the kxiIc, determined previously, acioss the telescope crosswire for a 
sufficiently large period of time (300 — son sec.) using a stop-watch reading 
to the tenth of a second. The error was usually less than 0-1%. When 
the damping was small the logarithmic decrement was calculated by observing 
a set of even number of turning points of the image of the scale and after a 
number of complete oscillations (n semi vibrations, say) when the amplitude 
had fallen to about a third of its initial value, the same number of turning 
points were noted. The elongations in one direction are then A lf A 3 , ... Ai r -i 
for the first set and A n ,A M , 2* An ••• A „ + 2 > -1 for the second. The log 
decrement is then given by 

(n - i)A = log <•{.!, + . 1 ., + ... a 1 } ~ loft c{ A „ + A „ . 2 + ... A„ l2r ^} ... fio) 

For large dampings all the elongations were noted and the average of 
the ratios of successive elongations was used in calculating A. The range 
of amplitude studied was always fairly small, although it was found that 
the decrement was constant within experimental errors for large (15 0 — 20°) as 
well as for small (5 0 - 7 0 ) amplitudes. Measurements were made on: (i) 
different fibres with the same load, to see how the damping factor changes 
with time period as far as it depends on torsion constant J (it) the same fibre 
with different loads for determining whether the torsion constant remains the 
same for the range of load investigated ; ( iii ) the same fibre but with the 
vibrator in different orientation, c.g., vertical or horizontal ; (iv) comparison 
of results with silvered and unsilvered glass discs, or ( v ) discs of the same 
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dimensions but of different materials to see to what extent eddy currents 
and stray magnetic fields are responsible for damping in the latter and also to 
observe any changes of damping factor due to changes in moment of intertia ; 
(vi) the same fibre and vibrator but with different boundary conditions, c.g., 
the vibrating body placed in a narrow tube or in a wide box ; (vii) the same 
fibre and vibrator, but in air at ordinary pressure and in vacuum ; and 
[vtii) the effects of temperature and moisture. 

4. R it .s u L, T S 

The results of the present experiments are tabulated below. 

Tabi.e I 

(/; Variation of the damping factor (R) of the vibrator with the time 
period of oscillation. ' 

R = kf=4\l /T, where A. is the logarithmic decrement, and T is the time 
period (T 0 is the time period corrected for damping) 

(i) Vertical suspension of the glass discs. 


Disc Nr Fibu- N« *9 


r, 1 5 

r | 

A 

R X 10 3 

7 o i 

6.446 

01 59 

3 «7 

6.4 ,6 

/ 5 1 6 

oit>5 

3 14 

! 7 5 l6 

i 

\ 

11 6 Q ! 

0218 

2 9 * 

1 1 60 

1 

! 31-41 

! '’ 57 -’ : 

2 6l 

34 4 i 

42.60 

.0710 

2.61 

4 ’ 59 

IOI.4 

17 17 

2 fib 

| 301.2 

' 

1 

Fibre No. [ 

5 

i 

/ 

j 

IK . 

1.3 

8 ! 

J 



T 

5 6S<* 

8.531 | 

1 

II t)I 

1 

17*55 

33 3 s 


G1 Q 

A 

.00S11 

.0096 j 

.01128 

01647 

.04763 



R x 10 3 

17*51 

OJ 

oc 

tw 

TI.63 

11 52 

J0.99 



7 0 

5-688 

| 8 SM 

If. 63 

*7 55 

33 3 « 



(//) Horizontal suspension of the ftlass discs. 


Disc No. 

| Fibre No. 

16 

1 

J 1 

i 14 j 

9 

©is 

; " ~l 

T 

; A. 

R X 10 3 

I r ° 

s.921 

.00936 

3 25 
8.921 

1 

• 13.92 

1 .01395 

! 3 1 ° 

J 3 9 3 

1 

23-57 

*^33 

1 3 06 
| 23 57 

27 75 
.0268 
2.99 
27.75 

j 47*3 

1 .0458 

I 3-00 

47 - 2.3 


Fibre No. 

4 

i 

" i 

ifli 

i 

12 j 

1 

17 

GJ 9 

T 

RX 10* 

To 

4.171 

.00293 

17.04 

4 171 

7 870 
.00503 
15-50 
7.870 


i 

23.92 ( 

.oufi , 
1 1 75 i 

23 92 

i 1 

42 4S 
.0200 

II. 41 

42.48 


6 — 1832P — 6 
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The weights and dimensions of the discs are given in Table VII 

Table II 


Variation of the torsion constant of the fibres with load. 

c = t ]!t 2 IiT 2 (disc suspended vertically). 


Fibre No. 

Disc No. 

1 

4 

1 

5 

8 

* 

9 

; 


Weight 

.iy68 

1 

.8402 | 

| 1-5551 

1 

1.7290 

5-2201 

1 

13 

T 

i 024 

■1 583 

6.270 

7.810 

17-55 


A 

— 

.00203 

.0164 

.07 76 

.01647 


C 

•3945 

1 i 

3945 

•3036 

3947 

•3950 


T 

5-632 

25.31 

34-40 

42.91 


ii 

A 

.0334 

| -0715 

0572 

0713 



c 

.1304 

.1304 

.1307 

.1307 



Table III 

Variation of the logarithmic decrement with factors affecting the 
viscosity of air : 

(i) Effect of pressure (disc suspended vertically). 




| At atoms 

At 0.1 mm 

l 

At at 1110$. 

At 0 1 turn 

Disc No. j 


j pressure 

pressure 

Disc No. 

pressure 

pressure 

GI4 

T 

A 

5.900 

.0232 

5885 

.0146 

gi 5 

6.446 

.00329 

6.356 

.0179 


(it) Effect of temperature (disc suspended horizontally ; aluminium) 


Disc No, 


At 28.2*C 

At 30.8*0 

ai 5 

T 

21-57 

21.54 


A 

.0211 

.0215 


(tit) Effect of moisture (disc suspended horizontally). 


Disc No. 


In air satuarted with 

In air dried by means of 



water vapour 

fused CaClj 

A1 5 

T 

21.56 

21.57 


A 

.0215 

.0223 
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Tahi.k IV 

Variation of the logarithmic dceiemenl with boundary conditions (discs 
suspended vertically). 


Disc No. 

In a box 

111 a tube | 

j 

Disc No. | 

In a box 

T 11 a tube 

G1 4 

1 

/ | 4 6?.2 

4 .626 

Ol 5 

6.341 

6.340 


A ' .0166 

•0205 | 


0128 | 

.0185 

i 

Tq 4-^22 

4 626 j 

1 

I 

1 

6-343 

6.340 


Dimensions of the box : 20 x 15 x 15 cm 3 ; internal diam. of the tube : 
25 nun. 


Table V 

The effect of earth’s magnetic field and stray fields on the vibratory motion 
of bodies : 

(i) Glass discs mirrored and unmirrored (suspension vertical). 
Thinnest discs (microscopic cover slips) were taken so as to reduce the inertia 
without reducing surface area much. Weight of the silver film was about 
one or two mgm whilst its resistance across any diameter was less than an ohm. 


Disc No. 


TJnsilveretl 

Silvered 

G 16 

i 

T 

! 17.83 

17.89 


A 

l •*'157 

.2462 


R X io 3 

; 

! 3 -os 

3°5 


(it) Glass and aluminium discs of nearly the same dimensions and not 
much different iti weight (vertical suspension of the discs). 


Disc No 

! GJrps 5 

1 A hi minium 5 

r 

42. q 

43-5 

A 

.0719 

.0727 

R x 10* 

2 615 

2 747 


The weights and dimensions of the discs are given in Table VI 
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Tanlk VI 

Variation of the damping factor of discs of the same dimensions but of 
different materials different moments of inertia). Horizontal suspension 

of the discs. •Diameter and thickness in cm ; weight in gm). 


Disc No 

Material 

! Ivbonite 

Glass 

1 

1 Aluminium 

Steel 


Diameter 

j qS? 

| 1 99^ 

! 1.991 

1.989 


Thick ness 

202 7 , 

.2013 

.1819 

.1982 


Weight 

. 7*880 

1 

! 1 - 555 1 

1 6351 

4 7183 

5 



! 




7 

I M 

1 47-23 

43.38 

I 3 s is 


A 

, -°770 

.0458 

.0425 1 

.0223 


/\X I0 3 

| 3 - <'8 

3.00 

3 16 

1 3 45 

1 


I Jiameter 

2 370 

2.361) 

2.397 

2.396 


Thickness 

.1778 

1575 

,i6do 

•1385 


Weight 

.. . .. 

9019 

1 5981 

1.7680 

1 

4.7177 


r j 

33.60 1 

y) 2 1 

37 77 

31.27 

7 

A ! 

OQ.SO 

0413 

.03SS 

.0127 


U x 10 s j 

l 

4 380 

4 7 2 3 

5 220 

5 646 


The values of R in the above table are taken for moderately large periods 
of vibration where R may be regarded as approximately constant. 

5. DtSCUSSlO N s 

The results set forth in Table I show that for the purpose of 
determining the torsion constant of quartz fibres the correction of time 
period for damping is inappreciable except for large periods. In order 
that X* / in 2 should exceed 1/1000, A should be about 0.1,1 which is seldom 
the case. The damping factor, R t is approximately constant when the 
period is fairly large, whilst for smaller periods it increases rapidly with 
deci casing period. This is in agreement with the previous findings that 
the damping is proportional to a higher power of dO/dt than unity for 
small periods (Peirce, loc. cit.). An appioximatc value of A can, however, 
be computed from the T-R curve for any particular vibrator (cj. figure 1). 

The logarithmic decrement is found to be decreased about 50% at a 
pressure of 0.1 111111 of mercury (Table III i). The decrement due to the 
internal viscosity of the fibre, which is assumed to be Ipw at ordinary 
pressures (Horton, loc. cit ) aud is neglected in comparison with the 
decrement due to resistance of air, becomes appreciable at low pressures 
when the latter is small. This accounts for a still appreciable total damping 
at low pressures. Small changes in atmospheric pressure is known to be 
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without effect on the viscosity of air, and hence, on logarithmic decrement 
(Maxwell, loc. cit,), and has not been investigated in the present 
experiments. The effects of small variations of temperatures only, e. g., 
those arising from fluctuations of room temperature, have been studied. 
It has been found that the logarithmic decrement changes only slightly 
(by about 2 %) per degree rise in temparature (Table III if). This is in 
agreement with the observations of Horton that the logarithmic decrement 
increases by about 1 % or less per degree rise in temperature. The effect 
of moisture content of air is also small. 



Fit;. 1 

Above, Disc no. G1 5 A — TIori/.ont'il suspension 

Below ; Disc no. G1 0 ( > — Vertical suspension 

Cut ves showing the variation of the* (lumping factor (R), of the discs with the period 
of oscillation (T) . 

Damping is dependent to some extent on the boundary conditions 
(Table IV). For vertical suspension of the vibrator in a narrow tube with 
its walls at a few mm. from the disc the decrement due to viscous drag 
may be quite large, amounting sometimes to about 5 0% in excess of that 
within a large box. However, the change in the time period is usually 
inappreciable. Silvering a glass disc, even a thin one, does not produce 
any measurable change in the decrement, showing that the damping effects 
of any extraneous magnetic field (including that of the earth) by producing 
eddy currents, is quite negligible. The substitution of a metal disc for a 
glass one of the same dimensions and having comparable densities, however, 
results in an increase in the decrement (as is evident from an increase in the 
damping factor which takes into account the moments of inertia; Table V). 
This is also seen from Table VI which gives the damping factors of discs of 
the same dimensions but of different materials ; the factors for discs of a 



Dkc 


164 


S. K. Datta 


particular size are of the same order of magnitude in spite of widely different 
inertias, thus showing that they are dependent primarily on the size and 
shape of tile vibrators. The values for glass and ebonite are nearly the 
same whilst for aluminium, and especially steel, they are markedly larger. 
This is perhaps due mainly to eddy currents causing magnetic damping 
'in the case of steel). 

For vibrators of different sizes the damping factors are different and 
ate also dependent on the diameters of the discs, as is seen from the following 
table in which the results for several glass discs are shown. 

T A1SI.E Vll 


Variation of the damping factor with the dimensions of the vibrator. 
.1 = arca of the disc. 



(i in cm 


Fig. 2 

A — Horizontal suspension O — Vertical suspension 

Curves showing the variation of the damping coefficient per unit surface of the disc 
with its diameter (d). 
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It will be observed that the values obtained on dividing the damping 
factors by the surface area of the respective vibrators are nearly constant 
for discs of the same diameter fcf. No. 4 & 5 and 7 ft 8), but increase with 
increasing diameter (figure 2). The value of R for horizontal suspension 
for any disc is greater than that for vertical suspension in almost all cases, 
the differences decreasing with increasing diametei. This may be due to the 
fact that the damping due to the mirror and other pai ts of suspension for 
horizontally suspended disc is not quite negligible in the case of the 
smaller discs. However, in view' of the many effects associated with 
damping of a disc, e. g., edge effects and turbulence set up in the 
surrounding medium, it is hardly possible to assign any theoretical basis 
to the observations described above. Anyway, the extent of damping for a 
particular vibrator under the conditions mentioned above can still be estimated 
from its dimensions, since an approximate value of the decrement is all that 
is required for our present purpose. 

The torsion constant of the fibre is found to be independent of load 
within the limits of experimental error (Table II). The range of load studied 
was from about 0.2 gin to 5 gin depending upon the thickness of the fibre 
used. From a knowledge of the length and approximate thickness of the 
fibre and using the accepted values of the Young’s modulus, Y t (3.05 x io 11 
dynes/cm 2 ) and Poisson's ratio (0.14), lor fused quartz (cf. International 
Critical Tables, 1928), the ratio of the torsion constants before and after 
addition of load, c and c\ is given by : 

t / 1 '== 1 - : .56 f — f 1 1 ) 

where / is the elongation. For the thinnest fibre studied, 15 cm long and 
about 0.001 cm thick, the maximum load used was 0.2 gm. Using the 
above values in the formula : (S/oO/ Y — f, where <x is the area of cross section 
of the fibre and 5 the weight due to the load, / may be seen to be 8.1 x io~ 4 . 
The correction for elongation is therefore about 0.1% which is just of the 
order of experimental errors. 

Lastly, it may be said that for the purpose of calculating the torsion 
constant of quartz fibres in magnc-crystalline experiments, horizontal 
suspension of the vibrator has no substantial point of advantage in 
comparison with vertical suspension. In actual practice, a vertically 
suspended cylindrical disc or mirror is more convenient for measuring the 
period accurately rather than one suspended horizontally, provided the 
conditions outlined above are fulfilled. 
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RAMAN SPECTRA OF METHYL METHACRYLATE IN 
THE SOLID STATE AT t H80°C* 


By N. K. ROY 
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Plate X 

ABSTRACT. The Raman spectra of both monomeric methyl methacrylate in the solid 
state at — 18 j*C and polynicthyl methacrylate at — i8o*C have been photographed and com- 
pared with those of the substances at room temperature It is observed that in agreement 
with results of earlier woikcrs the line 1640 cm' 1 disappears and the line 1722 cm' 1 
becomes feebler when the monomer is polymerized to form plexi glass, and when the 
monomer is solidified and cooled to - i8o°C the intensity of line 1640 cm ' diminishes to 
half its value observed in the case of the liquid, while the line 1722 cm* 1 shifts to 1700 cm*\ 
but its intensity remains unaltered. It is concluded that in the latter ease the C=C bond 
of some of the molecules disappears to form regular bonds between neighbouring mole- 
cules, but as the C =0 group remains intact the bonds do not form permanent chains and 
they break up with rise of temperature of the monomer. 

In the case of the polymer the frequencies of some of the lines due to C-Il and C - C 
valence oscillations diminish with lowering of temperature to -i8o"C. 


INTRODUCTION 

It was shown by Hibben (1937) that when methyl methacrylate is poly- 
merised, the lines 1404 cm" 1 and 1638 cm" 1 of the monomer due to the CII 
deformation and C = C stretching vibartion disappear completely and in place 
of the lines 940 and 1008 cm" 1 of the monomer two lines at 974 and 1116 
cm" 1 are observed in the case of the polymer. It was concluded by him 
that the chain in the polymer is formed at the expense of the C=C bond. 

Yasumi (1942) showed that the intensity of the line due to C = C stretching 
oscillation in the monomer diminishes gradually as the degree of polymeriza- 
tion increases and finally the line disappears. Kojima (10,19) also studied 
the Raman spectra of methyl methacrylate in different stages of polymeriza- 
tion and observed that the intensity of the line 1638 cm" 1 diminishes as 
the degree^ polymerization of methyl methacrylate in solution in benzene 

increases. But he observed further that the intensity of the line 1722 cm 

due to C = 0 stretching vibration also diminishes with increase in the degree 
of polymerization. Patel (1949), on the otherhand, observed a line 1598 cm" 1 
in the Raman spectrum of polymethyl methacrylate and concluded that 

• Communicated by Prof S C. Sirkar 
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Hibben’s conclusion that polymerization takes place at the expense of the 
C = C double bond has to be revised. The conclusions drawn by him are 
thus contradictory to those arrived at by the previous workeis mentioned 
above. He, however overlooked the fact that the intensity of the line 1638 
cm' 1 of the monomer is larger than that of the line 1451 cm' 1 while the line 
i5gS cm' 1 observed by him is too feeble to correspond to the line 1630 
cm" 1 . The object of the present investigation was to study the Raman 
spectrum of the monomer in t lie solid state at — i8o r C in order to find out 
whether in the solid state the monomer undergoes any change similar to that 
observed in the case of polymerization, and also to verify whether the line 
1598 cm' 1 is actually present in ihe Raman spectrum of the polymer. 

The Raman spectrum ol the polynia at — i8o°C has also been studied in 
order to find out whether the lowering of temperature has any influence on 
the position and intensity of the lines. The results of these investigations 
have been discussed in this paper. 


K X P K ft I M R N T A I, 

blocks of polymethylmethacrylate were obtained from I. C. I. Ltd., 
and the monomer was ptepared by purifying # Kallodent* supplied by the 
same firm. The inhibitor mixed with the monomer in Kallodent was 
removed by washing the liquid repeatedly with 5% NaOH solution in a 
separating funnel. The caustic soda solution turned biown after the reaction 
with the inhibitor and after repeated washing with the caustic soda solution 
such a coloration did not take place. The liquid treated in this way was 
washed with distilled water several times and dried over anhydrous calcium 
chloride for 48 hours. The liquid thus made free from watei was subjected 
to fractional distillation, and the fraction having the boiling point between 
99°. /|C and ioo°C was collected. This purified liquid was then distilled in 
vacuum in a double bulb of Pyrex glass leaving a considerable residue, and 
the Raman spectrum of the pure liquid obtained in this way was studied at 
the room temperature immediately after the distillation. After the exposure 
the liquid was again distilled in another double bulb and the Raman 
spectrum of the distilled product solidified and cooled to - i8o°C was 
photographed. A Fuess glass spectrogiaph having a dispersion of about 
11. 5 A. U. per mm. at 4046 A was used in these two investigations and in 
the latter case the substance was solidified gradually by immersing slowly 
the Pyrex container containing the liquid in a transparent Dewar vessel 
containing liquid oxygen. The mouth of the latter vessel was covered with 
filter paper soaked in liquid oxygen to avoid formation of ice on the walls 
of the container. The solidified mass was illuminated by two vertical 
mercury arcs from two sides. A dilute solution of sodium nitrite was used 
to cut off all wavelengths below 3800 A. U. to avoid fluorescence. After 
the exposure, as the solid mass was allowed to attain gradually the room 
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„ at-180°C 

polymer at 30°C 
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temperature it melted and became again a liquid having apparently the same 
properties as those of the liquid before solidification. 

The Raman spectra of the polymer at room temperature and at — iSo°C 
were photographed with a llilger two-pnsm glass spectrograph of large light 
gathering power and giving a dispersion of about 20 A. IT. per mm. in the 
404.6 & region. The specimen was in the form of a rectangular block about 
2 cm. thick and 6 cm. long with all the six faces. polished. Fn order to study 
its Raman spectrum at — iHo°C the specimen was held in the transparent 
Dewar vessel mentioned above and liquid oxygeh was pouied into the Dewar 
vessel to cool the specimen. Iron arc spectrum was photographed on each of 
the spectrograms for comparison. The exposure for the liquid was 36 hours 
and for the monomer at — i8o°C it was 14 hours, 

Micropliotometric records of the lines 16J8 and 1722 enf 1 due to the 
monomer at room temperature and of the corresponding lines of the 
monomer at •— iSo"C were next taken to find out the changes in relative inten- 
sities of these lines with solidification of the substance. 

R K S U T, T S ANI> DISCUSSION 

The spectrograms are reproduced in figuies 1 —4, Plate X and the micro- 
photometric records are reproduced in figure 5. The frequency-shifts are 
tabulated in Table 1. The data reported by Hibbeti ( 1937) for the liquid 
and the polymer are also included in the table. Approximate intensities 
estimated visually are given in parentheses. 



U) (&) 

Fju. 5 

Micropliotometric record* of methyl methacrylate monomer 
(a) At 3o'C U>) At — i8o°C 
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It can be seen from Table I that the line 1640 cm” 1 due to the monomer 
is totally absent in the Raman spectrum of plexi glass. The line 1598 
cm” 1 reported by Patel (1949) was not found in the spectrogram reproduced 
in Plate X, These results thus agree with those reported by Hibbeti (1937) 
and Yasumi (1942). There are, however, certain discrepancies between 
the results obtained in the present investigation and those reported for the 
monomer and the polymer at 100111 temperature reported by Ilibben (1937)- 
The faint lines 22S, 282, 658, 998 cm” 1 and the fairly strong line 2954 cm* 1 
observed in the case of the liquid in the present investigation were not 
reported by Ilibben (1937). Of course, in the case of the polymer there are 
lines at 238, 300 and 2962 cm” 1 and it might be suspected that the extra 
lines observed in the case of the liquid might be due to partial polymeri* 
zation of the liquid during the exposure. There are, however, certain 
difficulties in drawing such a conclusion, because the intense lines 816 cm* 1 
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and 976 cm" 1 of the polymer were not observed in the spectrum due to the 
liquid. Also the frequency-shift 2962 enf 1 due to the polymer is latger 
than 2954 cm" 1 observed in the case of the liquid. It is, therefore, concluded 
that the extra lines mentioned above may be due to the monomer. 

On comparing the results given in colutns 2 and 3 of Table I, it can be 
seen that when the monomer is soldified and cooled to — i8o°C the line 1640 
cm” 1 due to C — C stretching oscillation shifts to 3630 cm" 1 and its intensity 
relative to that of the 1722 cm” 1 line diminishes remarkably. Also the line 
1722 cm” 1 shifts to 1700 cm” 1 . This can be seen from the spectrograms 
on Plate X as well as from the microphotometric records reproduced in 
figures 5 a and 5b. In the case of the liquid the line 1640 cm” 1 is much 
stronger than the line 1722 cm" 1 , but in the case of the solidified monomer 
at — i8o°C the line 1630 cm 1 " 1 is only half as intense as the line 1700 cm" 1 . 
It has already been well established by the results reported by previous 
workers as well as by the results obtained in the present investigation that 
with polymerization and formation of plexi glass the C = C bond of methyl- 
methacrylate disappears. It is also found that the line 1722 cm” 1 also 
diminishes in intensity with polymerization. The diminution of inten- 
sity of the line 1640 cm" 1 with solidification and lowering of temperature 
of the monomer thus indicates that the C — C bond is transformed into C — C 
bond in some of the molecules m the solid state probably owing to formation 
of new bonds between some of the adjacent molecules. Such a diminution 
in intensity can not be due to passage of the scattered light through the 
solid mass, because the line 1640 cm” 1 is not very highly polarised. The 
appearance of the new Raman line 58 cm 1 in the case of the solidified 
monomer may further indicate the formation of dimers in the solid state. 

It can be concluded from these results that all the C~C bonds are 
converted to C-C and the C = () bond of some of the molecules are also 
changed to C — O bonds in the process of polymerization, while with solidi- 
fication of the monomer and lowering of temperature to --iSo°C only in some 
of the molecules the C--C bond is converted to C-C bond while the C=-() 
group remains intact. The stability of the new bonds so lormcd depends on 
temperature, and as the temperature rises the new bonds break up and 
the monomer again becomes a liquid. 

In the case of the polymer also a broad line at 88 cm 1 , not reported 
by previous workers, lias been observed in the present investigation. This 
line shifts to 84 cm" 1 when the polymer is cooled to — i8o°C. With this 
lowering of temperature the frequencies of some of the other lines also 
diminish slightly. Thus the lines 976, 1340, 2962 and 3024 cm shift to 970, 
1320, 2945 and 2988 cm” 1 respectively. These changes again indicate an 
influence of neighbouring atoms on the strength of the C — H and C — C bonds 
at the low temperature. 
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ABSTRACT The p.'ipvr vmboilii-.s ;i .simp of the p-p scatterin' in tlie HrIiI of 
pscmloscalar meson theory using Born approximation. The thcoietical findings have been 
numerically tested for energies of 150, 240, 340 Mev. The analysis indicates that either the 
pscmloscalar theory or a combination of the central and tensor force term of the inter- 
action is unable to explain the isotropy in scattering observed experimentally. 


I N T R O I) U C T I O N 

With the discovery and operation of different types of high energy 
particle aeceletalors, a considerable amount of data on the differential 
cross section for p-p scattering are now available. The cnei gy region for 
P-p scattering ranges from o to 310 lMev. These experiments show that the 
[l-p scattering is nearly isotropic except at small angles where deviations 
from isotropy occur for small energy particles due to relative importance 
of the Coulomb field. It is our object here to see how best we can fit the 
experimental results with the theoretical findings based on intciactions 
derived from the field-theories. The investigation is based upon the 
assumption that the interaction between two nucleons may he represented 
by means of a static potential that may have a charge and spin dependence. 
The static potential signifies that the terms in the potential expression 
which depend on nucleon velocities are neglected in the expression for the 
interaction considered. 

The 340 Mev scattering experiments indicate a nearly spherically 
symmetric distribution over a wide angular range (15" to 90°; in the centre 
of mass system with a value close to 4.5 x io~” 7 cm 2 / steradian. The experi- 
mental values suggest that the process bears a similarity to scattering of 
plane waves by a perfectly rigid sphere which represents a short range 
potential of range equal to its radius. To explain isotropy with such a 
model the wavelength of the proton should be large compared to the range. The 
numerical value of the range which would give an isotropic differential cross 
section of magnitude 4.5 x io _2T cni 2 / steradian is approximately 1 x io~ i:i em. 
This is greater than the wavelength of the proton at this energy and is 
approximately double of it. So it is not possible to explain isotropy with 
such a model. The experiments also indicate that the differential cross 
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section exhibits isotropy at ail energies clown to ioo Mev with a little 
increase in the absolute magnitude. An attempt to explain the phenomena 
with a central force model is unsuitable because it gives a strong forward 
scattering. The results obtained do not exhibit isotropy in the differential 
cross section even over a small angular range at high or low energies. The 
presence of electrical quadrupole moment of deuteron suggests that the 
nuclear forces aie non-central in character. Hence the potential energy of 
a pair of nucleons depends not only on their distance of separation but also 
on their relative orientation with respect to the spin axis. This non-central 
or tensor force might compensate the magnitude of the differential cross 
sections obtained from central forces in such a way that the resultant effect 
exhibits isotropy both at high and low energies. Rarita and Schwinger (1941) 
first considered the effect of the tensor force with n- p scattering assuming 
that the radial dependence of both the central and lion-central forces is the 
same. The lesults of their investigation explain the quadrupole moment of 
deuteron but cannot explain the scattering results at 90 Mev. 


TENSOR FORCE 


To get an idea about the effect of tensor force on the p-p differential 
cross section, we discus* the same below using Born approximation and a 
potential of the from : 


where ,S’, 3 = the tensoi toice operator 


va.rX®,. «*) 


-(0,0,) 


(2) 


Let the momentum of the inci- 
dent port on in the centre of mass 
system be kJi n„ and let kh n be its 
momentum after scattering. The 
vectors n„ and n (figure 1) re- 
present the unit vectors in the i 
directions of initial relative motion 
and scattering respectively. We 
would consider n„ also ns the axis 
of quantisation of the relevant 
spin-functions. 



Fig. 1 


With the above tensor force the amplitude of scittering according to 
Born’s approximation takes the following form : 
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The tensor force operator for the proton-proton system when applied to 
any singlet state gives zero as its eigen value. So we consider here its effect 
on triplet scattering only. If the spins of the two protons are parallel the 
system is said to be in the triplet state and if the spins are antiparallel the 
system is said to be in the singlet. The spin dependent parts of the wave 
functions are : 


l Xo= -^2 “ v( 2 )/^(i)|(singlet) 

a Xi = ^Ci)ot(a) ••• 


9 Xo = {*(1)^(2) + *(2)/3 (i>| (triplet) 

s X-i 

The symbols (l) and (2) of the right hand side of equation (4) refer to 
the spin coordinates of pioton number one and two respectively. The 
numbers i» o, -1 on the left hand side respresent the magnetic quantum 
numbers, <x and ft are the ordinary spin functions of a nucleon. The 
result of operating the tensor force operator S l2 on the triplet spin functions 
for various values of magnetic quantum numbers (1,0, — 1) yields the 
following matrix : 


ms i 



1 

0 

— i 

1 

(3 cos 2 £ - t) 

3 2 cos £ sin £c 

3«’~-'"sin “£ 

l+lwsms' ) = o 

3 V 2 sin £ cos ft*"' 

- -’(3 cos 2 £- 1) 

— 3V2 cos £ sin £r ~' Ti 

— 1 

3 sin 2 £(r"' 

— 3 v 2 sin £ cos £*:"' 

(3 cos 2 £ - 1) 


Substituting the elements of the above matrix in (3) and performing the 
integration in each case after transformation of coordinates from r, £, >/ to 
r, 0, (p as indicated in the diagram we would obtain the values of F(0) corres- 
ponding to each element of the matrix. For the case ins, nis' — i, 1; we 
get : 




COM «' 


(3 COS 2 £-i) 


- . 2nr~dr.d ( cos 0*) 

4 ~ r 


Mf* (3 sin 2 6 ! 2 \- 1) 
4 n % x ’ 2 



3 (sin Kr — K r cos 1 \ r) 

| - l 

t\ 1 


sin K r 
K r 


— M /1 ^3 Si n 2 0/ 2 1 ) 

471ft 2 * 2 

where /v = 2/e sin 0/2 
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3 

/\* 


- „3* 




tan" 1 


7v 
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K*+X ? 
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. r~dr 


( 5 ) 


ur 
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Obtaining thus the values of F( 0 ) for other elements of the matrix an 

aveiagc of their squares over the various spin directions is determined. The 
sum of each averages would represent the intensity of scattering in the 
triplet state. Performing as stated above, we have, 


**&*=*}{ #• - r k *? ' ' - < 61 

It is clear from (6) that the intensity of the triplet scattering does not 
depend on </> as during integration and averaging such terms vanish. This 
is evident because the scattering of an nnpol.irised beam of protons is 
axially symmetric. 

For an unpolarised beam of protons, we have : 

m^im + 

singlet triplet 

(Y IkO) — o in the case considered) 
tiplet singlet 

J.S. W^ynamuKf. ( 7 (d\ 


_3 3X tan -l 7 l I_ 

K* K* X K 2 + X’ 


:-r. c ’(*: 


' . < Ihnsws'Y 2 . c\( 0 ) 


where (' 2 ( 0 )~ - bin (8) 

V\ ‘ h X 

and lhn t s ms* represents the diagonal elements of the matrix given below. 
The matrix here is derived from the matrix (Ann* ms) after transformation 
of cordinatcs as stated before. 

ms* 

ms 7 : i _ o —i 

i (sin 2 0 j 2 i ) 3V2 sin Oj 2 cos Oj 2c ~ ,y 3 cos ” 0 / 2e~ Ji * 

o 3 \/ 2 sin Ojz cos Otic* — 2^3 sin 2 ^ / 2 — 1 .• — 3^2 sin 0/2 cos 0 j 2 e^ 

— 1 5 COS 2 0l 2(' ,,v — 3 k/ 2 MU 0 j 2 COS 0/ 2C » (3 sin ~0 1 2 ~ 1 ) 

The computed values of the differential cross sections at 240 Mev for 
various centre of mass angles arc in Table II and leprcsented in curve 1(b) in 
figure 2. For comparison the corresponding values for simple Yukawa 
potential are given in Table I and represented in curve I (a). 

The curves 1 (f), ( d ) and (e) represent the experimental values at 105, 240 


and 340 Mev. 


Tatu.e I 





Centre of mass angles 
in degrees 

o» 

c 

0 

> 40 ° 

j 

50 " 

60 ° 

1 

i 7 °* 

i 

1 

j 

1 

80* 

9 

tr{B) in mh/^td 

3 96 

1 

1.78 

,8S 

.48 

i 

29 

•25 

.18 
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Tabi.k II 


Angles in degrees 


1 

: 'V>° 


6o° 

— O 

7.) 

Sn° 

90° 

c. 111. system 


! 





r r(B ) mb/std. 

.6S 

1 

•44 

i 

D 

21 1 

21 | 

.IQ7 

•*' 4 


In these numerical computations we have taken the value of 



for 


the synnnetiicai case as lias been obtained after normalising the value of 
the total n-p scattering cross section at go Mev determined experimentally 
by Fox, Leith, Woutcrs and Mackenzie (1950) and Dejuren (1950). 



20 4 c 60 So 90 

Angles in degrees 

Fig. j 

Curves 1 (a) and i (b) represent the vaiiation of <t ( 0 )with angles at 240 Mev for Yukawa 
potential and loi tensor force without singulanty respectively. Curves 1 (1), (d), and U’) 
represent experimental curves. 

With central forces above the curve shows a tendency to drop down 
at 90°. The extent of dropping at 240 Mev is, however, not much percep- 
tible. The tensor above gives a peak at 90 0 which also is not very marked 
at this energy. It is therefore expected that a combination of the two for 
triplet scattering would flatten the curve at 90°. Ashkin and Wu have, 
however, shown that the peak at 90 0 turns to a trough at qo° with increase 
of energy. If the symmetrical forces are considered the trough or the peak 
becomes so small that the curve at 90° is practically flat. The magnitude 
of the differential cross section drops to a veiy small value if the tensor force 
alone is taken into consideration. 1 he curve, however, remains fairly flat 
over the angular range 50° to 90°. A combination of the central and tensor 
forces, however, increases the magnitude of the differential cross section at 
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small angles but at large angles the values remain still smaller. Incase of sym- 
metrical forces also the magnitude of the differential cross sections is too 
low particularly at large angles though the curve is sufficiently flat as in 
the case of tensor forces. If the symmetrical forces are not considered the 
curve is no longer flat and though there is an increase in the magnitude of 
differential cross section at small angles (30°) but at large angles it drops to 
a very small value as has been obseived in the case of simple Yukawa poten- 
tial. It is apparent, therefore, that such combinations of central and non- 
central forces will not lead to the results that would exhibit isotropy over the 
angular range in which the experiments show isotropic scattering and at the 
same time would increase the magnitude of the differential cioss section even 
approximately to the experimental value. 


P S 1C Ul)l) S C ALAR IN T 1C RAC T I O N 


Meson field theories based on the assumption of weak coupling between 
nucleon and meson fields suggest that the main contribution to the inter- 
action energy aiisesfrom the static part of the meson field, iiach one of the 
possible types of meson fields gives rise to a form of static interaction between 
a pair of nucleons. 

Recent experiments on meson -nucleon interaction favouis the pseudos- 
calar nature of the meson. ( )n decay a rr° meson gives two y-rays. So 
its spin cannot be unity. The reactions which arise in the capture of 7r~ 
meson by deuteron indicate that it is not scalar. A11 analysis of the cross 
sections of production fp-p collision) and of absorption (in deuteron) of /r + 
meson indicates that its spin value should be zero. The fact that the cross 
section for production of 7r f meson is very large compared to that of n° 
meson, suggests that the 7r° meson is pseudoscalar in nature. Since it is 
quite natural to assume the same nature for all the three kinds of mesons 
for symmetry, the - meson, supposed to be responsible for nuclear forces, 
should preferably be regarded pseudoscalar in nature. 

We investigate here, using non-relati vislic Born approximation, the 
extent to which the differential cross sections as calculated from the static 
potential of the interaction suggested by the symmetrical pseudoscalar 
meson theory agrees with the experiments. 


1 he static potential obtained from the symmetrical pseudoscalar theory 
is given by 




\r \ s r" 


Tlie amplitude scattered, using Born-appx. is, 

♦ 1 


/* c~' r 
4?r r 


(9) 


/'«?)=- at *,*,).. 1 

4xr/r 4 n 




x . dt 
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(xo) 
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For singlet states x<n*'( tr i°'a'X'n« — “ 3 and for triplet states it is equal to 
unity. The effect of the tensor force operator on singlet and triplet states 
has been discussed before. Similar calculations yield, 


MU’ 


c thl cow "'. C tte 


A msttis' 



c lhiru ‘ '* dt 


_ _ m f 2 ( vU 


— 3 \ f sin /\ r e 


rdt 


•Hsin K r — Jv » cos K r ) __ sin K r 
K li r :i ~ K r 


Bin sms 1 


* , + .Vr + *V r' d ’ 


..KfM l-J I 


4 ff0 3 


-3 ) I . _o . u; s _. J 

+ t /AT” t x" \ Ihnsms' / 7\' + X* 


... (n) 


.l m , ma- and B W1 ,«,< represent the elements of the matrices »,.< ) 

and (J3 , hj >«,'). In the case of p-p interaction, (*, t 3 ) = i, since the system 
is always charge symmetric. 


7 <«- "/■. 


singlet \4*h a J\K* + x * 


m. 


and M*) - M 

triplet \4^/y( 




V X J '/v’ + XV 1 


M , r(o)+sc 2 (9) 

/[nh I g 


where j(0) = - 1 and C 2 (0) — * y2 /Msinfl/2) 

7v 4* x* X** 7v 1 /V 

For the symmetrical case the expressions for the singlet and triplet 
differential cross sections are, 


1(0) = Ti 

singlet 


./W)+/0r-*)) a 


... (14 a) 


triplet 


1(0) =( /* {/(fl)-y(ir-tf) t +s]c 2 (0)+C 2 br-0) 


4irh 2 J 9 


+ C(0) a 


-41 


(14 b ) 
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Heme (lie differential ctoss section for an unpolarised beam of protons is, 

/ U>) - / (0) + » / {()) 

suit; triplet 

i Mf* 

i (ir/i" 


^ m \ n*-«) j + m-iu-o) j 

-i r-(ff) i r*U-0) H'(«)t'U~«) 


Mr 

\7Tll 


',)• ! ^ m+ju •»-»)) + m-i[x-<>) j 

+ k f c ,a {0j + f # f»r-0) + r(0x;(ir-0) 


... (i 5 ) 


The computed values of the difTerental cross sections from the equations 
(11) to ^15) aliove for energies 150 Mev, 240 Mev and 340 Mcv for various 
angles in the centre of mass system are given in Table III and the relevant 
curves arc shown in li (a) (b) (r) in figure 3. A separate study of the effect 


of the factor [ ~ -1 1 4 - * , 
\3 X* 


oceuring along with the tensor force operator 


appearing in the pseudoscalai expression for potential, has also been made. 
Table I V gives the values of the differential cross sections for this part of 
the potential only. The relevant curves arc represented in curves 111 (a), 
<b) and (c) in figure 4. The procedure is quite justified since lire central 
and tensor forces contribute separately to the cioss section. 
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CONCLUSION 

The above analysis shows that the differential cross section at small 
angles is larger in magnitude than that at large angles. In the angular 
range 30° to (x>°, the magnitude of the differential cross section decreases 
quite rapidly, whereas, in the interval 6o° to 90% the rate of decrease is com- 
paratively small* Moreover, the decrease of the value of the differential 
cross section with angle becomes smaller as the energy of the particles 
becomes larger, this shows that the curves show a tendency to flatten as the 
energy increases. A comparison of Tables Til and IV shows that the eontrihu 
tion to the value of the differential cross section comes mostly from the 
tensor force term which has 1 jr" singularity; it is worth noting that the 
scattering cross section due to the tensor force with the i/V singularity 
increases with increasing energy, whereas, the scattering cross section due 
to the tensor force without the 1/r' 1 singularity term decreases with energy 
(cf. Ashkin and Wu tc^cS). This means that for the pseudoscalar interaction 
the increase of the scattering cross section with increasing energy is entirely 
due to the i/V smgulary term of the interaction. 

The pseudoscalar interaction consists of a central force and a tensor 
force both of which give deci easing \ allies of the scattering cross section with 
increasing angle, that being so it is not possible to explain the isotropy 
of scattering with different combinations of these two forces alone. 
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ON THE ELECTRONIC SPECTRA OF DIBENZYL, 
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ABSTRACT. The ultraviolet absorption spectra of (CV^CII^, C 6 TP,CII 2 C 6 H 5 1 
CfiHfiCCX in the liquid and solid states at different temperature s have been 

photographed using ven thin films of the substances, and the obser\ ed bauds have been 
analysed. Dibenyyl in the liquid state yields eight bands with the i' () band at 37122 cm' 1 
and the other bands corresponding to vibrational frequencies 56), QTs and 12S3 cm “ 1 . 
These vibiational frequencies diminish slightly in the case of the solid at 3<>°C. I11 the 

case of the solid at — iRo°C, however, the bands are found to Ik* -.haiper and more 
numerous. The vibrational frequencies at itto°C arc a little laiger than the 
corresponding frequencies at 3o°C, but smaller than those observed in the case of the 
liquid at cSo°C. 

In the case of diphenylmethane in the liquid state only six bands with the »'o ham] 
at 3698 j cm' 1 amlothei hands corresponding to vibiational frequencies 100S and 13S4 cm" 1 
are obsitved. In the solid stale at — iK«j°C the substance \u lds 17 bands w itli the ^ 
band at 36821 cm ‘ 1 and oilier bands corresponding to vibrational frequencies 593, 932, 
1370 and 1592 cm" 1 . 

In the case of cth\ lbcnzoatc in the liquid state onl\ three band. ^ a ith tlm »' 0 band at 
35596 cur 1 are observed. The solid at — iSo°C also yields three bands with v 0 band 
shifted to 35500 cm" 1 . The bands are broad in both these states. I11 the vapour state 
several bands with band at 36136 cm" 1 and other bands corresponding to vibrational 
frequencies 312, 546 and 917 cm -1 have been observed. All these results have been 
discussed in detail. 

INTRODUCTION 

Previous investigations on the ultraviolet ahsprotion spectra of organic 
substatnees in the liquid and solid states showed that some changes in the 
absorption spectra occur with solidification of the substances and lowering 
of the temperature up to — iSo°C. These changes arc, however, different 
for different substances. For instance, in the case of some disubstituted 
benzenes (Sirkar and Swainy, 195* *> Swarny, 1952a, 1952b) containing 

halogen atoms each of the bands was found to be split up into three 
components with lowering of temperature of the solid up to — i8o°C. In 
the case of other molecules containing no halogen atoms the bands observed 
in the liquid state were found to become sharper when the substances were 
cooled to about -iSo^C (Deb, 1951, 1952). As a result of this 
sharpening some bands due to vibrational transitions which were not 

* Communicated by Prof. S. C. Sirkar. 

3^-1832?— 4 
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visible in the liquid state were resolved from the more intense bands. It 
was the object of the present investigation to study the absorption spectra 
of a few more . substituted benzenes to find out whether any fundamental 
change takes place in the electronic energy levels with lowering of the 
temperature of the substances in the solid stale at about — i8o°C. 

EXPERIMENTAL 

The experimental technique used in the present investigation was the 
same as that used in earlier investigations in this laboratory and described 
in detail previously (Deb, 1951). The compounds studied were (CoH&CH s ) a » 
and C,.II u COOC 2 II;,, supplied by B. D. II. The substances 
were of chemically pure quality and were distilled in evacuated double bulbs 
repeatedly to get rid of the traces of impurities. Ilford Qi plates were used 
to photograph the spectra produced by a Ililger Kt quart/, spectograph 
giving a dispersion of about 3 A. lb per mm. in the region of 2600A. Iron 
aic comparison was photographed on each spectrogram. A hydrogen dis- 
charge tube run by a 3 KV transformer was used as the souite of continuum. 
Microphotomcli ic 1 coord* were obtained with a self-recording microplioto- 
metcr supplied by Kipp K: /onen. The frequencies of the bands were 
measured from these microphotometric records in which the record of a known 
iron line was taken as reference line at one end of the spectrum. The ratio 
1 .'1.6 was used in the microphotomelcr. 

As the absorption spcclium of ethylbcnzoate in the vapour state had not 
been reported by any previous worker it was studied in the present 
investigation using an absorption tube 77 cm long filled with the vapour at 
its saturation pressure at 4o°C. 

R E SUL T K AND DISCUSSION 

The microphotometric records of the spectrograms are reproduced in 
figures 1, 2 and 3 and the bands are tabulated in Tables I, II and III. The 
data for dibenzyl and diplieuylmethane in the vapour state were taken from 
the results leporled by Seshan (1936) and these have been included in 
Tables I and II respectively. The band due to electronic transition not 
associated with any vibrational transition has been designated as tlic v„ baud, 
approximate intensities have been indicated in parenthesis as usual. 

It can been seen from table I that in the case of dibenzyl the spectrum 
due to the liquid shows vibrational frequencies 564, 990 and 1283 cm -1 . 
These frequencies diminish respectively to 478, 947 and 1197 cm -1 with 
solidification. When the temperatuie of the solid is'lowercd to — iSo°C the 
frequencies again increase respectively to 494, 964 and 1202 cm Hl . Seshan 
(1936) only showed differences between frequencies of successive bands and 
did not assign the bauds. The v„ baud shifts slightly towards longer 
wavelengths with liquefaction of the vapour, if the band at 37160 cm” 1 
reported by Seshan (1936) is taken as the v # band for the vapour, 
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but with solidification it shifts to shorter wavelengths. When the solid is 
cooled to — i8o°C the v„ band fnrther shifts towards shorter wavelengths. 
This indicates that the mlermolecular field changes the position of at least 
one of the energy levels responsible for this band. It is seen from a 



h'iC. i 

M icrophutometr lc lecordb of the absorption spectra ot dilieiizvl 
Curve (a)— Liquid at 8o"C. Curve (b) — Solid at 3o°C. Curve (c) — Solid at — 18/C. 

comparison of curves a, b, and c in figures x that the bands are very broad 
in the liquid state and they become only slightly narrower with solidification 
and cooling to* 3o°C. 1‘his shows that the broadening is not mainly due to 
the random orientation of the molecules because in the case of the solid the 
arrangement of the molecules in the lattice is regulat . When the crystal 
is cooled to — iSo^C, however, the bands become much sharper so that the 
bauds which merged into each other in the case of the solid at 3o°C are 
resolved from each other at — iSo"C. This sharpening is evidently due to 
cessation of some motion of the molecules in the lattice at — i8o°C. 
The only motion of the molecules which can be assumed to be present in 
the lattice is the rotational oscillation about then axes. The sharpening 
of the bands at — i8o°C shows that the amplitude of such oscillation 
decreases to negligible values. 

In the case of diphenylmothane in the liquid state seven bands have l>ceu 
observed with the v 0 band at 36984 cm -1 . The data for the vapour reported 
by Seshan (1936) show that probably the v u band for the vapour is at 37440 
cm " 1 . There is thus a shift of about 456 cm’” 1 towards longer wavelengths. 
The bands due to the liquid show vibrational frequencies of 1008 and 
1384 cm -1 . All the bands observed in the case of the liquid except the v v band 
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are very broad. This shows that the electronic energy levels associated with 
vibiational transitions are themselves broad. This is evidently due to 
large influence ot intermolecular field on the position of the electronic 
energy level and to the fluctuation of the intermolecular field due to 
movements of molecules. The r„ band becomes a little sharper with 
solidification and lowering of the temperature of the substance to — i8o°C. 
The width of the other bands, however, diminishes to a greater extent with 
the lowering of temperature to — iSo°C. Tims there is still another cause 
responsible for the large width of the bands due to the liquid. As 
mentioned eailier, this may be angular oscillations of the molecules in the 
liquid. The sharpening of the binds at — i8o°C shows that in this case 
also the amplitude of such oscillation diminishes greatly at low temperatures. 
The vibrational frequencies 932 and 1370 cm" 1 are found to diminish in the 
case of combinational frequencies. 


Taiu,i«: I. Dibenzyl 


Vapour (Scslinu, 

| Iyi(juid at So* C 

Solid at 

Solid at — i8o°C 


1 

1 

1 


1 

1 



Dili. 

1 

V 

r 

1 

! y 


i' 

between 

(fill ' 1 ) and Assign- 

(cm 1 ) and 


(cm") 


(cm ') 

successive 

intensity 1 incut 

intensify 

Assignment 

; and 

Assignment 

; 


bands 




intensify 

.iri'H. 


3; (vs) ; 9, 

i 

37260 (\s) 

"0 

j 37316 (vs) 

"0 

375 &> 

43 ° 

376S6 (vs) ; 9; -6.564 

37738 (v.s) 

"0+478 

' 3/1^0 (\ s) 

9 ) 44 iM 

3 So Jo 

4 J° 

3N112 tvs) 1 *^4 cj () 0 

i 

38405 (s) ' v,, h 1 303 

38207 (ws) 

u v 4 947 

38.-80 (vs) 

"0+96.1 

38450 


3^457 (vvs) 

*'o4- 1 197 

38518 (ms) 

9)*b 1202 


45 ° 

i 



• 

38900 

460 

30090 is) V 0 4'2 x 000 

39 '54 (s) 

*'1) 4 2X947 

38775 (vs) 

v 0 f - 4 94 4-964 

3 03 do 

3 o<> 

39397 (s) 1 9 ) 1 goo- 4 - 

; 4^3 

39 Joi M 

9474-1197 

39-45 (ms) 

1 

9 , 4-2 X 964 

3075 ° 

480 

4ihk) 2 (ins) 9,4-3 x )( )o 

40100 (w) 

,, od '3 X947 

39482 (s) 

9> 4 - 964 4 - 
1202 

40.230 


j 

40354 ('0 



9)4 2 X 9644- 

410 


9,4-2 x 947 4- 

1197 

39722 (ms) 

494 

^0640 



41015 (") 

9 > 44x947 

40209 (w) 

^0 4 - 3 X 964 


j 

410S0 (v\\) : 9, 4-4X990 



404 10 (s) 

9 ) 6 2 X 964 *6 







1202 






40704 (w) 

•'o 4 - 3X964 4 - 







494 

1 


i 



41173 (vvw) 

9) + 4X964 


In the ease of this particular molecule a remarkable change in absorption 
spectrum takes place with solidification and lowering of temperature of the 
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crystal to — i8o°C. A very large number new bands not observed even in the 
case of vapour appear in the case of solid at -i8o°C. The new vibrational 
frequencies 593 and 1592 cnr 1 are observed in the case of the solid. 
Evidently there is complete absence of fluctuation of the interinolecular 
field in this case and the packing of the molecules is favourable for the 
excitation of these vibrational modes. 


Tauu$ II- Diphenylmethane 


Vapour (Seshan, 1936) ] Liquid at 3o"C 


Solid at — 





1 


----- 

-- 

V 

Dili Bet- 

1 V 


v (cm - M 


(cnr 1 ) 

ween succe 4 :- 

(cnr 1 ) and 

Assignment 

and intensity 

Assignment 


sive hands 

lutens tv 




37440 


36984 (vs) 

"0 

36827 (vvs) 

"l) 


430 





37 * 7 ° 


; 


374 M b’s) 

"0 + 593 


4 3 ° 

1 




3 « 3 ,w ‘ 


! ^709’ (\s) 

i r i) f- n >o“. 

37^3 *v\ ‘4 



4 .S'» 





.V s 7 S' > 




38101 (\vs) 

>'v 1 1 3 / ' * 


47 n 

38308 (w ) 

•'ll 1 

38413 (\v\) 

•’i.-i l s - 


1 





3 '/ > 7 ° 




3SM.1 (s) 

i'„ h ’ * 92 7 


400 





/jot >70 




38793 *111*-) 

•'ii 4 393 d 1 3 “'o 



3900? In is) 







i'll 4 ,.'Xn oS 

30 Oi in (vs) 

! "o 4 9-12 1 1347 



4001 1 (ins) 







I'd 1 3 X 1 008 

3033.1 (vw) 

•'0 i 922 i LS 92 





39592 (w) 

»'0 + 3 * 0 - 





3985S (w) 

i'll 1 2 X 922 4 2 x 593 



1 1021 







i'll t- | X I o< >S 

4<>oii (s) 

*'o 1 2X922 1 1317 





40255 (vt) 

i'o t 2X922 + 1592 





40780 (w) 

"0+3X9224 2X593 





40937 (vw) 

*'o 43 XQ 224 1347 





41182 (vvw) 

"0+3 x 922 + 1592 





41860 (vvw) 

»'e 4 4X922-1 1347 


The results for ethylbenzoate in the vapour state obtained in the present 
investigation show that the v„ baud is at 36136 cm" 1 and three progressions 
corresponding to vibrational frequencies 312, 546 and 917 cm" 1 . The bands 
of some substituted benzenes, such as dihalobenzenes, are in this region. 
Evidently, the bands observed in the present case are due to the transitions 
in the benzene ring. The Raman spectrum of the substance (Magat, 1934) 
shows, besides other lines, three lines at 330, 616 and 1001 cm*" 1 respectively. 
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Microphotoinctric records of the ultraviolet absorption spectra of diplienylmethane 
Curve (a) Jviquid at 3o°C. Cutvc (6)— Solid at -itSo°C. 
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On the Electronic Spectra of Dibenzyl, etc. 

Probably the three frequencies observed in the absorption spectra are the 
corresponding frequencies in the excited state. In the liquid state 
ethylbenzoate yields only three bioad bands with the v u baud at 35596 cm" 1 , 
and a progression of the vibrational freqeney 9x3 cm" 1 . The bands are very 
broad, the width of each band being about 240 cm" 1 . In the case of the 
solid state also three similar bands are observed. The »•„ band in this case 
is at 35500 cm" 1 . The bands have the same widths as in the case of the 
liquid. Thus in the case of this compound the v 0 band shifts towards longer 
wavelengths both with liquefaction of the vapour and solidification of the 
liquid. The sharpening of the bauds observed with solidification and 
cooling down to — 180'C in the case of dibenzyl and diphenylmethaue is not 
observed in the case of ethyl benzoate. The cessation of rotational 
oscillation of the molecules in the lattice mentioned earlier is thus caused not 
by the lowering of temperature direct but probably by the linking of 
neighbouring molecules with each other through some virtual bonds ax the 
low temperature. In the case of etliylbcnzoate no such linking seems to 
take place on all sides of the molecule probably because the presence of the 
C 2 II;. gtoup makes the molecule highly asymmetric and makes the packing 
of the molecules less dense than that in the other two compounds. 



Fig. 3 

Microphotometric records of the ultraviolet absorption spectra of ethylbenzoate 

Carve (a) Vapour at 40 ®C 
„ (hi Liquid at a8°C 
„ (c) Solid at — i8o*C 

The results obtained in this investigation thus show that in the case of 
some of the substituted benzene compounds in the solid state the amplitude 
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of rotational oscillations in the solid state diminishes greatly at low 
temperatures and, therefore, if there would be any Raman lines due to such 
oscillations, their intensities would diminish enormously at low tempertures. 
Such a conclusion has also been drawn by Sirkar and Swamy (1953) from 
results of investigation on the electronic absorption of p-dichloro and 
/>-dihroinobcnzcne at different temperatures. Actually, the new Raman 
lines which appear in the neighbourhood of the Rayleigh line when these 
substances are solidified do not become weaker with further lowering of 
temperature of the solid. It is thus evident that these lines cannot be due 
to rotational oscillations of the molecules in the lattice. 

Simlar investigations with some other compounds are being carried on 
and the results will be reported shortly. 
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Plates XIA-B 

ABSTRACT. Size-frequency distribution of penetrating showers generated in lead 
and paraffin at the sea-level has been investigated by nieans of eouuter-eniilrolled cloud 
chamber. It has been observed that the average multiplicity of penetrating showers 
and also their largest size are very closely the same in both the mate! iaK Pioiu the 
results of observation it seems unlikely that the penetrating showers arc genet ated in 
the nucleus in cascades (plural process) as suggested bv Heitler and Janossv. The 
experimental results are more clearly understood on the basis of genuine multiplication 
of mesons, in which the particles are created in a single nucleon-nucleon collision. 

INTRODUC T I O N 

The generation of penetrating particles in groups have been recorded 
by Fussel (1938), Wataghin, Santos and Ponipcia (iqio), Janossy and 
Jnglcby (1940), Rochester, Butler and Runcorn (1947), Green (1950', 
Frier and Ney (1950), Brown and Mekay (1950), Fretter (1949), Brown, 
Camerini, ct al., (1949), using counters, counter-controlled cloud chambers 
and photographic emulsion. Multiplate counter-controlled cloud chambers 
have been utilised by Frier and Ney (1950), Brown and Mckay 
(1950), Fretter (1949) to investigate the generation of penetrating 
particles and also their interactions with the materials of the plates. 
Production of penetrating showers in light materials has been studied by 
Green (1950) and Fretter (1950). The present paper will report the 
measurements on locally produced penetrating showers at sea-level in lead 
and paraffin with a multiplate counter-controlled cloud chamber. The 
particular aspect of the problem to be investigated is to find out the 
size-frequency distribution of penetrating showers in lead and paraffin, and 
to compare them with the predictions of various existing theories assuming 
that the events have been initiated by incident nucleons. 

APPARATUS 

The cloud chamber, used for the investigation is shown schematically 
in . figure i, which contains three lead plates, the top and the bottom 
plates being 1 cm. each and the central one 2.3 cm. in thickness. The con- 
secutive plates are separated by a clear space of about 5 01ms. The plioto- 
4— 1832P— 4 
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graphs (Plates XIA B; have been taken stereoscopically by a pair of T. T. H. 
lenses with 5 cm. focal length. The chamber was counter-controlled and 
operated by a four-fold coincidence arrangement requiring at least one ionising 



Side view Front view 

Fig. i 

The two perpendicular sections showing the arrangement of counters and the cloud 
chamber. The chamber was operated by four-fold concidence 

particle at the top and two below the cloud chamber and subsequent trigger- 
ing of the cloud chamber. The c 1 oud chamber was run automatically and 
took three minutes, after each expansion, for cleaning and resetting opera»- 
tions. 1 he counters were arranged so as to avoid a rigid selection of any 
particular type of shower. The counter (3) was introduced to reduce the 
rate of random coincidences. All the counters were 2.5 cms. in diameter 
and 20 cm. long. The cloud chamber was 30 cm. in diameter and 8 cm. 
in depth and was filled with commercial argon. Moreover, rubber diaphragm 
was utilised for the expansion mechanism to increase the speed of expansion 
and thus reducing the diffusion of tracks. The condition imposed for the 
selection of the locally produced showers was to see whether the tt&cks 
produced backward would meet in the absorber. 
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THEORIi T I C A h ASP K CTS 

The theory of size-frequency distribution of penetrating showers 
has been discussed mainly by Heisenberg (1039), janossy (1043) and 
ileitler and Janossy (1949). According to Heisenberg >'1939), when a particle 
of sufficient energy collides with a nucelon, then in a meson field surround- 
ing the nucleus a turbulence is set up and results in the generation of 
multiple mesons in a single collision. In the (.'-system Heisenberg 
(1939) assumed the meson spectrum to be of the form 

dl = a d *° ... ( 1 ) 

* 0 

where a is a constaut and k 0 is the energy. Pfoin the expression (i), one 
can calculate the average number of mesons which is 


G 

X log e/X 


(2) 


where e is the total energy available, x is the meson mass. This 
expression clearly shows that the atomic weight of the medium in which 
the mesons are produced is quite immaterial, as it ought to be according to 
Heisenberg’s picture of multiple meson production. 

In the theory of Heitler and Janossy (1949), however, a single meson 
is produced in a single act of collision and thus w mesons are produced in n 
acts. These authors obtained the probability of n meson emissions ns : 






n ( n 4 - 1 ) p 


Cl A 


iu 2 


(a. i) 


1 

\ 


-< + ,| ‘J ‘“ + 2 ’ J’.« («../ | 


where a\ — <pNd\ 
and 


1 


'»(=)■= f c-* 

J (a-])! 


X dy 


(3/ 


... ( 4 ) 


f being total emission cross section of meson, d t, the diameter of the nucleus 
of the atom of atomic weight A, N, the nuclear density. 


and 


COy+1 : 




where the function 



is connected with the cross-section of emission. 


We thus see that in the theory of Heitler and Janossy the nature of the 
medium plays an important role. We shall consider this point in detail in 
the consideration of our experimental results 

The calculations on the size-frequency distribution are based on (3). 
There is some difficulty in procuring the incomplete ^-function (a remark 
which is also found in the paper by Heitler and Janossy already referred to). 
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To avoid this we note that when n is a positive integer 
can be integrated in finite terms and is 


z 

\(Z)= J ( ~~~j y ^n-y(z) 


the integral in (4) 


( 5 ) 


where = 1 + — + - 

1 ! 2 l 3 ! 



(6) 


With the help of (5) and (6) it is now simple to obtain the value of 1 "\(£) 
which is required for the calculation of P n given by (3). We shall calculate 
this P n for different values of n and for paraffin and lead. The ratios of their 
relative frequencies for given multiplicities have been compared with our 
experimental results. In the case of paraffin and lead the values of a, 1 have 
been taken to be 

a a (paraffin) =3.24 

tiA (lead) = 7-95 

We have also to remember that the values of the total number of mesons 
including neutral mesons is really equal to 3/2 times the value of the number 
of charged mesons which are observed on cloud chamber photographs. 


K X P ERIMRN T A I, R I<; S V h T vS \ NO DISC TJ S S I O N 


The distributions of the frequency of meson showers with their varying 
multiplicities have been plotted in figure 2 for paraffin and figure 3 for lead. 



Fig. 2 

Distribution of multiplicities of observed penetrating particles, normalised Jto an area 
of 100 particles under paraffin wax. 
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PLATE XI A 



Stereo-pictures of ;i shower containing a penetrating 
particle on one side and probably a penetrating core. 



Stereo-pictures of a local penetrating shower consisting 
of four penetrating particles produced under paraffin. 
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A pair of nearly parallel | enetra 


PLATE XU 



particles observed under paraffin. 
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Multiplicity 
I'm. 3 

Distt ibutiou of multiplicities of observed penetrating particles imnnaHsed 
to an area of 100 particles under lead. 

It is clear from the diagrams that the increase in relative frequency of the 
meson showers for larger multiplicities, which is expected in the case of 
lead according to the the theory of Heitler and Janossy, does not occur. 
The observed distribution curves for paraffin and lead do not appear to 
differ appreciably from each other. This may be explained by assuming 
that the saturation for meson production is already being attained in carbon 
nucleus. This, however, is not true since many cases are recorded both for 
carbon and lead where there are secondary nuclear interactions inside the 
cloud chamber after the incident nucleons have interacted in the top 
absorber. The theoretical values of the frequencies for various multiplicities, 
their ratios, and the ratios of the observed frequencies are given in 
Table I. It is quite clear that there is a very large discrepancy between 
the theoretical values of Heitler and Janossy and the experimental results 
for the showers of higher multiplicities in paraffin and lead. 

The mechanism of production of meson showers can, however, be more 
readily explained in terms of the theory of multiple production of mesons 
suggested by Heisenberg, according to which, as mentioned in our 
theoretical discussions, the multiplicity should not depend on the atomic 
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numbers of the generating material. The low value of showers in lead for 
higher multiplicity is possibly due to the fact that for large multiplicity in 
the energy of the secondaiy mesons is low and so they at e more likely to be 
absoibed in heavier absorbers like lead than in light materials like paraffin. 


Tahi.e I 

Relative frequency (%) of showers I\ with n mesons on II— J theory 

(d) = 0.6) 



1 n 

1 * 




Absorber 

1 

1 ; 2 3 

4 

5 
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j a a 

j ' 
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3 98 
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Theoretical ratio for 
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! 

! 
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lead /para Ifni 
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4-8 

i 9.7 

Experimental ratio 
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1.6 
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ABSTRACT. It is here shown that the strong increase of cross section with the 
increase of energy which is characteristic feature of all meson theories with derivative 
couplings and which remains unsolved from the covariant perturbation method of 
Feynman, can be removed by the inclusion of the influence of radiation damping. In 
this paper the Hcitler’s integral equation for the positive meson by proton and that of 
negative meson by neutron has been solved by the newly formulated variational technique 
of Goldberger, using the scalar meson field with vector coupling. A comparison of this 
result with the previous one obtained from the same scattering process using pseudosealar 
meson field with pseudosealar coupling, solved by the semi-variational procedure of Ilsueh 
and Ma, shows that for a proper fit to the cxpciimental result obtained by Stcinberger, the 
value of the coupling constant has to be lowered to one third of the former value, 0.56 used 
in earlier paper bv the author. The superiority of the variational technique of Goldberger 
to that of Ma and Ilseuh has been established by considering the scatteiing of negative- 
meson by proton. It is found that the exact solution corresponds to the approximate 
solution of Goldberger. 


x. INTRODUCTION 

The covariant formalism of Tomonaga and Schwinger (19481 on 
quantum electrodynamics has been applied successfully by many authors 
to remove the difficulties of meson theory. By the consistent use of the 
ideas of charge and mass renormalization, the divergencies arising from 
higher order radiative corrections have been removed from the covariant 
S-matrix of Schwinger by some authors They have used the method of 
calculation devised by Keynmnan (1949) and Dyson (1949). Attempt has also 
been made to examine whether the cross section for meson scattering could 
remain finite even at high energy, on account of damping reaction. 

This remains unsolved from the perturbation method of Dyson and 
Peynman unless we consider the Heitler’s theory of radiation damping. 
From the relativistically covariant perturbation methods introduced by 
Feynman (1949), Ashkin, Simon and Marshak (1950) have calculated the 
lowest order scattering cross section for meson-nucleon interaction. The 
important feature to be noted is that the total cross sections decrease with inci- 
dent meson energy for Ps (Ps) (ie. pseudosealar meson theory with pseudosealar 
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coupling) and S'S) ( ic . scalar meson theory with scalar coupling) in contrast 
with their increase with energy for the PS (PV) (ic. pseudoscalar theory with 

pseudovector coupling) and SfV) theory (/V. scalar meson theory with vector 

coupling). It is clear that this strong increase of scattering cross section 
in case of PS(l’V) and S(V) theories must be cut down by the damping 
reaction of the meson field. .So we see that Heitler’s theory is an effective 
and preferable alternative to the renorinalisalion procedure of Schwinger and 
Tomonaga. But the practical difficulty lies in the fact that the Ileitler’s 
integral equation of radiation damping cannot be exactly solved in most 
cases of the scattering processes. The nature of the difficulties has already 
been mentioned in an earler paper. The general method is to solve this 
integral equation by a variational technique. Several authors have suggested 
different variational procedures of which the variational technique of Hsueh 
and Ma (1015) is wortli mentioning. By this method Basu (1951) and 
Biswas (1952) have obtained farily good results in the scattering of neutron 
by proton and the scattering of positive meson by proton respectively. 

Recently, a more powerful variational procedure for the approximate 
solution of the scattering process has been devised by Oohlberger (r.952). 
As an example of the use of the variational method he has calculated 
the scattering process of positive meson by neutron assuming the 
pseudoscalar meson field using both pseudoscalar and pseudovector coupling. 
The superiority of this method may be observed from the fact that the 
result obtained by him is the same as that obtained by Ma and Ilsueh 
(1944J from the exact solution of the integral equation. 

In this paper this variational technique has been applied to solve the 
integral equation for the scattering process of positive meson by proton and 
that of negative meson by neutron taking into account of the damping 
reaction using a scalar meson field with vector coupling. The choice of 
this field is due to two points ; (1) the matrix element for the process is simpler 
than that in the pseudosealar theory, (2) the consideration of damping 
reaction is necessary in this theory with derivative coupling as the cross 
section increases with increasing energy. 

Lastly, a comparison between the theoretical results obtained by the 
scalar theory Sand pseudoscalai theory (Biswas, 1952) has been made by 
means of a graph. The results in scalar theory secin to be too large. 
The cross section increases ten times in the scalar theory than 
in the pseudosealar theory with the same value of the coupling 
constant which was chosen to be 0.56 for a proper fit to the experimental 
result of the scattering of tt* mesons by protons (Steinberger, 1951). Another 
feature to note is that the value of the coupling constant should be lessened 
by one third of the above mentioned value in order to be in agreement with 
the experimental value if we assume scalar meson theory. 

In another section it has been shown that this variational technique gives 
exact solution in case of the scattering of the negative meson by proton 
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with S(V) theory as in PS(PS) theory. The consideration of the damping 
reaction seems to be unnecessary in PS(PS) theory since the cross section in 
this case decreases with increasing energy without damping inllncncc- So 
this damping consideration will yield too low a result for the process. But 
this is not the case with S(V; theory. 

The natuial units %-c = i have been used throughout. 


a. CO VARIANT FORMALISM 


The Schwinger equation in the interaction representation 

^L«r] - 7-/(.vpP£<r] 

ocr(.v) 

is solved by the usual invariant perturbation .S-ntatrix which is given by 


(2.1) 


S-i + S, '"7 .S'. 

« = l » ! 


with, 

00 QC 00 

f d.\' f d v" f d\- 0 "l'(n<\'),mx"), H(a < - > )) ... (2.2) 

— 00 -GO —00 


where symbol P stands for the Dyson’s chronological product. In this 
form of S-matrix, the damping effect is not exhibited. To do this the 
usual method is to write the ^'-matrix in the Cayley form, 



1 + J\ 

o 


where K is a hermitian matrix. 

Writing S=i —iR ... (2.4) 

where R is the usual reaction matrix (it represents the amplitude of the 
scattered wave) we obtain from (2.3) and (2.,]) the well known Heitler’s 
D941) and Pauli's (1946) equation of radiation damping, namely, 


R = K- - KR 

n 


(2.5) 


This is the covariant form of Heitler’s integral equation. This gives 
the scattering cross section with damping which is proportional to | R ! 2 . 

It has been shown by Schwinger (19 pS) that the hermitian matrix, /C 
is given by 

•30 

K= 2 K a 

7i = 1 


w — I _ 


With f d. v .... [ ■ Ilix^rt-r'y] 

^ - 7 — 

... i.[a»- 1 , ( r n ] ... < 2 .K) 


483 2 1’— 4 



200 


S. N. Biswas 


We tan solve tlie integral equation (2.5) calculating A upto any order 
required. 

.since the total energy- momentum is conserved, the matrix element S, 
l\ and A' must have the form i Pauli, 1016) 

(/>' ... /.‘ i A \ />'„)- a"/’ - /’,.)(/*' 1 />'o ••/>'.,) ••• (2 0) 

where - />*„ and S p, 

l = 1 < * 1 

me the energy-momentum of four vectors of the initial and final states and 
/I is the submatrix cf .1 belonging to the energy shell. 

By means of this submatrix, the fundamental equation (2.5) reduces to 
the form 

(/> A’ i pj = (/> | K I />„) - ' f <P I A I <?)«</ I A ' /•„) + AW«? - />„) 

... (1) 

'/I 

where Q= — i/i 

l’ ^ 1 

If we denote the initial and final energy-momentum of the nucleon and 


meson l>y />„, and p, k, respectively, the matrix element A' for the nvson 
scattering has the general form (see Fukuda and Miyazima, 1950) 

(p, k ! A : p lt k„)~{2ny'<I- i ¥ Uc)>/',(k„,\\p(p)T k T l .Up, k, />,,, k u )^'pj 

+ ^(/i)r,r, IHp, li ; p„, k„)iplp„)\ ... (2.10) 

writing 

(/>, k ' R I Pn, k, > )- 2 -y , iln : (k)f,(k„){xf/(p)r t T,X(p, k ; p„k„)ifr(p„) 

+ -i(p)r ,t k Y(p, k ; p„, k„)xp( p u )\ ... (2.11) 

and introdicing this in (I) we get a pair of integral equations 


\(P, k i A-J- /!(/-, Ar ; />„/.•„) - ' y ’ f dll'Aip, k ■ k u ')\(p') 

( ifTX'zr ./ 

A '(p'yk-,p ut k u ) ... (2.12) 


and 


r(/ 5 , k ; *«,) = W/>, k ; f- f dil'tup, k ; p J , A') A (/>') 


y(p', k' ; p,„ k u ) ... (2.13) 

The A (/>') is the Feynman’s projection operator, A (/>') =yP' + M. 

I he first integral equation is for the process ‘negative meson by 
proton and the 2nd integral equation is for the process ‘positive meson by 
proton . Here we deal with the 2nd equation. 


3. VARIATIONAL T It 0 II N 1 Q H 15 OF O O L, D B If R G E R 

Wc now proceed to derive a variational basis of the Heitler’s integral 
equation (I, see. 2,) according to the newly formulated principle of 
(,'.oldeberger (1952). 
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We write the equation (I) in an alternative hut more convenient way 
namely, 

Rha — GbA + -P 0 )8(</- I M~)R i0 ... {3 I) 

c 

where /’ c and P„ are energy momentum four vectors of the initial and 
intermediate states, where 

; 7 \, = :£/>„' 

and Rba stands for (/> R />„) and (ii.„ for (/' l\ j />„' 

Now defining the matrix multiplication by Hie following form 
(RC,)k, = 2,R, - R u )M(f + M 2 )<;. , 

c 

we proceed to find out the stationary value of the expression /.. given hy 

L— {RG)h«(GR)h t ,l{RR )h tl — ht(RG R)b n ]~ x 

Taking the arbitrary vaiiation &L of T . about R we easily see that the* 
stationary value of L is given by 



Goldbergei, however, started from the alternative form of the Ileitler's 
integral equation made by Pauli (iqpj). His starting equation is 

Rha- Gbu *+* 2/T5Gfc«8( l\ - l\ ,.)R,n \ l\ ~ ... ^3*|) 

* 

The transition probability per unit time from a state charaetei ised by </> a 
to an initially unoccupied state </>& may be expressed as 

7 ' A?/,, 1 ‘ J S(/u -- E n ) ••• ^ 3 - 5 > 

Remembering that fora collisional problems, the collision mattix 

Slni^^ba-t — Ea)Rbv * 3 . ft) 

is both symmetric and unitaiy, so tliat R is symmetric and that (» is real 
and symmetric. 

Defining the matrix multiplication by 

(ROh.^Ri, *'/{- K< iti.u • ' 3 , 7 > 

c 

We see that the stationary value of /., where 

l - !"’ ••• ( 3-s> 

about the correct value of R is {R — Gi/itt 

The difference between the variational method of Goldbergei* and that 
of Ma and Hsueli (1945J may be mentioned. Mas procedure is based on 
the fact that the stationary value of ;U, 

M ® SS( K - R a ) L R* ( R ~ G - ;R ) ]„„ 

a 

lias been calculated about the correct value of R + and not of R 'Hie 
stationary value obtained is o. It is also necessary to find out the variation 
of M about the correct value of R . 

We will apply here the variational technique given in (3.2) for the 
solution of the problem in question. 
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4. CALCULATION O L f M A T R I X 1? L It M R N T 

We will solve equation (2.5) by calculating K upto xst. order only, 

i.c., we will replace K by K , in (2.5) and then apply the above variational 

technique for its solution. It has been shown by Gupta (1951J that 
upto 1st. order of K, 7 v, is the same as’ S, which is the lowest older 
scattering matrix element in the Feynman’s perturbation method of calculation. 

We consider here the scattering of scalai charged meson (a- + or n~) by 
neutrons or protons (N or P), schematically shown by 

I : 7r~ + P ^ + P 01 tt* + N — ^ rr* + N 

1 1 : n~ + N ^ + ;V or + P — ^ tt* + P 

The lowest order Feynman diagrams are shown for the above two types of 
processes (figure 1 ). 



Fig. 1 

In process I the incident meson is absorbed by the nucleon before the final 
meson is emitted since a proton can absorb but cannot emit negative meson 
and neutron can absorb but not emit positive meson. In process II the 
emission of the final meson precedes the absorption of the incident meson, 

We may now write the covariant matrix element for each process 
from the corresponding diagrutn using the scalar meson theory with vector 
coupling. We should assume the nucleons to obey the Dirac equation. 
The Feynman’s factors corresponding to the martix element (meson energy- 
momentum four vector K) may be given as follows (see Ashkm, Simon 
and Marshak, 1950). 

Type of Type of Absorption factor Kmissiou factor 

Meson coupling for meson K for meson 

(1) Scalar Vector (g//')k -(g//“)k 

1.2) Propagation factors : </) (p, +k, -M)~ l for process I 

(**) (Pi~ — M )" 1 for process II 

(3) At each veitex energy momentum conservation holds. 

(4) Each interaction with an external meson, contributes a factor-i. 

M denotes the nucleon mass, the meson mass. The scalar product 
of two four vectors will be written in the form 

A.B = A tt B M =rA i B 4 -A 1 H l -A 1 B 1 -A 3 Ii a 
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and each four vector p is associated with a Dirac operator p = p fl y fl where 
are the four matrices /?*, /?. Tlie product of two operators A and B 
satisfies the relation A.B + B.A-2 A.B. A nucleon of energy* meinentum 
p is characterised by a Dirac spinor, u obeying the Dime equation 

p u — Mu orup~i\/u where u — /f ! /I 

is the hermitian conjugate of u) . The -y,, differs fiom Paulis by a 
factor /, for m=i, 2, 3. And the y, t satisfies 

+ 7ry^= 2«V,. where £ l4 =- 4 r and 8, , = 8, 2 -' & ;t3 = — 1 
Let p 2 and p 2 denote the four vector energy-momentum of initial and 
final nucleons, and k, and k 3 the energy-momentum of ijiitial and final 
mesons. 

We have Pi + k, = p 2 4- k 3 by energy-momentum conservation and 
Pi 2== P2 2 = M 2 ; k^ — k/^/r. According to the Feyn man’s rules the matrix 


elements are given by S(V) theory 

g 2 Mi=* — i(g 2 /fi 2 ) U 2 ( — k 2 )(p, + k, — M~*k 1 n l for process 1 ... 4.1 

g~M 1= —i ( g 2 h^) UiCkJfp, — k 3 — A / ) “ 1 ( — kojn, for process II ... 4.2 

These reduce after a short calculation (Ashkin, Simon, Marshak 1050) to 

for process I, i (g~/i “~) ... 4.3 

for process II, — / (g 2 / — yp. 2 )u L ... 4.4 


where e is the meson incident energy, p 2 the nucleon final momentum 
and W is the total energy of the system. 

5. SOLUTION (»■» 4-P— > 


The relevant matrix element for the process II, 

ip*, k a \C I />j, A’ 1 ) ~ (ijr/p^u-Jyi*: — >7 , a)«i 

and in our reference system 


Pi + k 1 = p 2 + k 2 =-o t *=* + ; <7 = !>y 1 = ; /> 3 = ! A' ! 

Writing 


k. 


U 

(P 


3 , /c jj i Pit A* 1 1 — u m 1 \ 

>21 A* 2 I (pi Pi, A’,1 -U.GUj 3 


5.1 


We easily obtain the Ileitler’s integral equation as follows 

R (p2, k 2 ; p t , *,) = (&/»„ fc, ; /»„ *,) + ; />', />•') 

(y*pp + M)fUp\k r ; Pit A*,) ... 5.^ 

vve now turn to the variational problem to solve the equation (4.5) liquation 
13.1) has been used in the normal form as it .stands. 

Writing down the stationary value wc get 


17 T \^ 327 T"W J 


(idiyGhrP/ + M)R <(SdiVQ(y^/ + M)R) 

J‘dCl'R(y„p lt + M)R ( 32 J l iv) f dll' Jcin il R( y>l p/ + M)Q(y ll p/ + M)R 5-3 
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we now take R = G, as a trial function and we easily get 

R « Uqh2SlV)(SJirG(y^„' + M)(SdCmjy li p i J_±M)G) 

JdI2'G(->v/v'+ M)G - (1.7/3 2.T-' H')j'dI2 / Jdl2 , 'G(y /1 /> /1 ' + M)G(y,ApA' 4 M)G 

5-3 

Putting G = ( — ig 2 //x 2 )(y,fe — y/>) (we will replace hereafter p , and p 2 by p 0 and 
/> denoting initial and final momenta) in the right hand side of the above 
integrals in (5.3), we perform the integrations which ate simple but 
laborious. 

After a straight toward calculation we get for R the following 

.S’, + $.,y , +.S.. 1 ly/’o) + S.,y,(yp n ) + D(yp) 

TS-T.r + T/p*-T*p* 

where .S,, S 2 , S 3 , S, lt D, T,, 7 \>. T s and 1 \ are all functions of 
v (as given below) which is </ //x where q denotes the absolute value of the 
momentum and /* is the meson mass. 

Hence the martrix element for the scattering process including radiation 
damping reduces to 

R — (u 2 Ru,) where R is given in (5.4). 

The differential cross section for the scattering process is in this case 
given by 

d(r p/l )2 l spur (A{p)RA(p v )yJl*y i ) ... 5 . 5 

where A (/>) is the Feynman’s projection operator, A + M) and we 
have also taken the average about the initial spin and the summation over 
the final spin of the nucleon. Performing the integration over all angles of 
scattering we get for the total scattering cross section, 




where 


with, 


<r = g A 1 F(a ± 

^ a-ir- - {D(v)}-’ 

F(x) = (a + />’) f.S,(.v) + S s f.v) - S 3 (x) + SJ a ) - .Sy.r)} 

-I X*\l>V 1 {.x) + 2 XV.J v) - 2.VI\(.V)} - 2 p.vF,( v) - 2 A 2 P,(.V) 
/)( V ) = {(.»(a )/>(i + A- 2 ) +^v i I,(a-, 2 a.-a |.V 2 )} 2 
“ {'./a H.vr’ v a - A-J X~) + A-J 2 /) 2 /, (i + .v 2 )} 2 
+ {.V 2 w(a ) (a-, A a — A 2 ) + V- 2 } 2 

— {.v 2 co(.v).p.A-, + f>.Vi/ 1 (.V 1 .r 2 — A 2 )} 2 


5.6 


.SVa) = / 2 {7 \(a)K(a) - 7 ' 2 (a )LU) + T 3 (x)M(x) - TJ.\)N(x)}~ 
S 3 (.\) = l"\T 1 (x)L(x) - T,{x)K (a ) - T 3 U)N(x) + T:(x)M(x )\ 2 
S 3 (x) = / 2 {7 \( x)M(x) - TJx)N(x) - T 3 (x)K(x) + T.,(a )L(a )} 2 
SAx) = / 2 {T,( a )N(.v) - T. Ax) Mix) - TAx)L(x) - TAx)K(x )} a 
S;,(x) — D(.\ ) 

VAx) = {SAx)SAx)\'F 

r a (x)=iSAx)SAx)YF 
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r 3 (.v) — {S 3 {x)SJ x ))' 12 

r 4 (x)^is l (x)mxiV^ 

T\(.v) = (.S a (v)/l(i »)'/-' 

T 1 (x)=ti)(.\).f>.\l + X 2 ) -f l> A ,/,( V , 2 Vj— V '“‘.Vi I 
To(x) — a i + .x ' > -l- <•>' \ ) ( v Yj — a , ) 

T 3 (.v) = .vui(.v){.\ 1 .v 3 — .V') -I 

T 4 (.\) — Xto( v)px, 1 />v,/,(v ,x 3 - v-’i 

K(x)=p 2 x,"(l + 2.v 2 ) 1 A X 2 ’ + \ 2 / X X-, X j) 

]Jx')~ (i + .V 2 ).p.( X l 2 X i — x' J ) 

ML\ ) — (t + A ( v 2 — V, X = ) 

N(.v) =pxxS 
1 — — v/ 8 (v!+ X 3 ) 

Mln = P\ (-It , I ; .!p=\ --, *///< = -V 

ot(x) = ( V, X 2/ 1 — v •’/, + I I 

-v , = (1 + ,v 2 ) 1/2 ; a , = (/* 2 + \ 2 ) ,/J 


6 . T II K S C A T TRR 1 NC, nr tt MRSON I! Y P R O T O N 


In tli is section we conclude by remarking that the variational technique 
formulated by Goldberger is superior to that of Ma and Hsuch (tors). It is 
here shown that the exact solution of the integral equation regarding the 
scattering process of scalai negative jr-tnesou by proton closely agrees to the 
solution obtained by the variational technique of Goldberger. 

The matrix element for the process l;r~ + p — ► tt~‘ -i- />') has been given 
in section 4. 


From (43), the matrix element C ~ /(,e 2 //t 2 )u 2 0 lf — lVy t )u, can be 
written as u 2 Gh, with G = a, — <r 2 y 4 
where ai^iig 2 / fi 2 )M 

a, = i(g 2 /,r)W 

The Ileitler’s integral equation is given by : 

R( />, k ; p u k u ) = G(p, k ; />„. k tl ) + ii//32Jr 2 la>)fdiFG(/j, k ; ]•>', k’) A (/>') 

R(/>\ k’ ; />,„ />•„) ... 6.1 


As in this case the G is not involved with angles, R may be expressd as 
R = :vG where v is some constant not depending on angles. Substituting this 
value of R in (6.1) we find the value of 


x — 


where 

Hence 


1 — i\ 

K~(q/8nlV)Q(Ey i + M) 

G 


i — i(q/8^w)G{F.y i + M) 


6.2 


Now from the variational principle of Goldberger we write the stationary 
expression for R, assuming the trial function R = G 
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R G 

i- ^ 32 -' IF 

(fdn'Q (y f p„ , + M)Q)(idiVQ (y^P/ + M) G 
Sdll'aiyrf, ' + M)Q-( 8 ,“ J S u^Sdil'SdtVGly'P; + M)G(y^/' + M)G 

On pei forming the integrations we may write 

R _ G , (i + M) 

i — (iq/8nir)Q(Ey, + M)~ 


G 

i —i(q/ 8 - IF)G( F.y.y + M) ’ 

which is the same result as (6.2.t obtained by exactly solving (6.2). 

Now from d«* = , 1 1 spur (A(/>)RA(/> 0 )y 4 R*y 4 ) we obtain 

tv* (2 7 T)~ 8 

foi the total cross section, a- after performing the angular integrations 

(r __ 8?r /'• 1 2 + Av — ( k./ — k ,*)* 

p 2 I + 2 (A',** + fe 2 ") + (Av — A’,-)" 


wliei e 


k,(\) = ** 
8 - 


I rl'^’ffO x’ 2 )'tU (,r+ x *\' /2].v/(.v, +.v,) 


M-v) - ^ jp</r + a*J« '--p[(i +.v a )« '* + (/.** + ; v 2 )' , + a 2 ) j 


with f\ \j, a ' m , ,v the same as ill (5.6). 
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7. COMPARISON WITH EXPERIMENT 

The energy dependence of the total cross section including radiation 
damping has been shown by means of the accompanying graph (figure 2). 
The dotted curve drawn is from the theoretical result obtained here using 
the scalar meson field with vector coupling. The thicker line is from the 
previous result (Biswas, 1952) for the same process but using pseudoscalar 
meson field with pseudoscalar coupling. The value of the coupling constant 
assumed there was 0.56. The same value is also taken for the scalar theory, 
but with this value the scattering cross section is larger than that in the 
experimental result of Steinbcrgcr (1951). The value is 10 times larger 
than the former. 

The ratio p for M/p is taken to be 6.67 since p~ 276 x m e (m e ~ mass 
of electron). In the scalar meson field the radiation reaction begins to 
assert itself from 180 Mev. In order to fit the theoretical values in agree- 
ment with the experimental one (Stemberger, Sachs and Anderson, 1951) it is 
necessary to lower down the value of the coupling constant to one third of 
the value assumed here. So we come to this conclusion that the coupling 
constant in scalar meson field with vector coupling should be lower than 
that in the pseudoscalar meson field with pseudoscalar coupling. 
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ON THE CONCENTRATION OF STRESS ROUND THE EDGE 
OF A HOLE BOUNDED BY TWO INTERSECTING 
CIRCLES IN A LARGE PLATE 

By B. KARUNES 

Department oy Applied Physics, University College oy 
Science and Technology, Calcutta. 

( Received for publication, December ji t 7955) 

ABSTRACT. A stress function in bipolar coordinates has been obtained to give the 
distribution of stress round the edge of a hole bounded by two intersecting circles in an 
infinite plate under uniform shear in the plane of the plate; and sonic particular cases 
have been discussed. 


INTR () DUCTION 


In a recent paper, Ling (19,18) lias studied the concentration of stress 
in an infinite plate containing a hole hounded by two equal intersecting 
circles when the plate is under (1) a uniform all round tension, (at) a uniform 
longitudinal tension, and (iii) a uniform transverse tension, at infinity. We 
shall here consider the effect of the hole on the stress distribution in the plate 
when it is under a uniform slieat 5 at infinity. 

Using bipolar coordinates 


a + ift s Jog 


x + i(y_+ a ) 
x + i(y~ a) 


• •• (1) 


we take the boundary of the hole to be given by two equal intersecting 
circles /3 = ±/3 1 , where P, is a constant. The points of intersection of the 
two circles are given by >=+«, and on each circle * varies from - w to 
+ 00 . 


The stress function x satisfies the equation (Jeffery, 1921) 

( a 4 . a* , a 3 _ 8 2 , a 2 \, L , 

l + ~d*-8(F d(F 2 g* 2 + 2 lifF 1 ) kx) ~ ° 


(2) 


The boundary conditions of 110 stress over this new type of holes are 
established in terms of Michell’s constants of the boundary, as has been 
done by Jeffery for circular holes given by *== constant. 


THE STRESS FUNCTION 

Let us choose a solution of (2) of the type 

hx—fifi) cos «*, /(/ 3 ) sin n« 


(3) 
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Then from ( 2 ) we get the differential equation for j(ft) as 


8 1 

3/i' 1 


-eLr-i) 


3 2 

oft 2 


(n' J + i ) 2 


ft ft) — o 


the solution of which is (Ling, 10 jR) 

f(ft — K n cos ft cosh nft + L n cos (3 sinli nft 

+ M n sill ft cosh nft + N - sill ft sinli nft 
Hence we obtain an expression for li\ in the fottn 


(4) 


(5) 


0 ( 

/*X= f {(An cosh nft + B n sinli nft) cos ft 

+ (C n cosh nft + Dn sinh nft) sin ft] cos n* 

+ {(F n cosh nft + Fn sinh nft) cos ft 

cosh nft+lln sinh nft) sin ft] sin w* dn 


(6) 


CONDITIONS FOR N O S T R F vS S UVKR A IiOUNDARY 
We have the stresses in bipolar coordinates given by (Jeffery, 1921 ,) 


— \ 32 g Q / 

a ota =r J. (cosh a — cos ft) -- — sinh * sin /?__ + cosh (h\} 

I Oft ‘ 0* 0P ^ 

a/?/fr = (cosh a - - os /?) “^7 — sinh a ^ — sin ft® + cor ft\ (hx ... ( 7 ) 

0 2 

= - (cosh a -cos (^\) 


If a boundary /3= ±ft, has to be free from stress, */3==o and ftft = o, and 
we have on the boundary 


therefore 


Q 2 (^x) = f . 
d*sft 


= constant — /<(say) 

op 


( 8 ) 


Also on the boundary 

(cosh * — cos /3) —sinh * ^ + cos ft(hX) — p sin /f 


the solution of which is 

hx — P tan /3 + cr(cosli a cos /i — i) + r sinh * 
p, «r and t are Micbell’s three constants of the boundary. 


( 9 ) 
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T H K S II K A R I'ROH U M 


Let the hole boundary be defined by ft — ±ft u ^ ^so that if r be the 

radius of the intersecting circles which give the boundary of the hole and if 
2 d be the distance between the centres of the circles, we have 

r = * cosec ft l9 d — * cot / 3 A 
d / r — cos /?, 

If 5 be the applied shear in the plane of the plate, we may take the 
stress function at a great distance from the hole as 


so that 


Xo = ~ Sxy 




sin hj* sin ft 
cosh a — cos ft # 


... (io) 


... (n) 


To obtain the condition of no stress over the boundary ft= ±ft x we need 
add another function Xt to Xo such that Xi produces no stress at infinity 
(^ = o,/i = o) and the sum of the two sti ess functions (xo + Xi) produces no 
stress over ft — ± ft A . 

Since h \ 0 is odd both in <* a nd in ft , we may take only the terms in F w 
and ii n in (6) and write for our complete solution 


h X ~-aS 


sinh y s i n ft 
cosh <* — cos ft 


tTj 

n cos ft sinli nft + G„ sin ft cosh nft ] sin vt*. dn 


From (12) it is clear that at infinity (<* = 0, ft— o), hx~ hx 0 . 
We have (Haan, 1867) 


sinh * sill n* d* _ cosh n(n — ft) 


cosh a — cos ft 


sinh m r 


, -n^ft^n 


whose Fourier Transform is 

sin h 

cosh a — cos ft 


a 

->/ 


cosh n frr — /?) sin n* dn 
sinh w;r 


Substituting this value in (12) we get after a little reduction 
00 

hx~<*S J cos ft sinh n/ 3 -f (G« — 2 coth m r) sin /3 cosh nft 

o 

+ 2 sin ft sinh nft) sin di ». 
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We now apply the boundary conditions (8) and (q) to (15) to calculate 
tbe values of F, and Gn for no stress over the boundary 0 = + 0, and get 


Fn= _ 3 fit 

" sinh 2tt/Sj — n sin 20i 
4 sinh* »0 

(.!.=• — - + - — ; — +2coth nn 

sinh 2np 1 — n sin 2 0 i 


• • (i0) 


Substituting these values in (15) we have the stress function 

00 

hx = 4aS j {h sin 0 X sinh nfi sin (fi L — fS) 


— sin 0 sinh n&, sinh n(0, — 0)}.-, sin n> dn_ ( I7 ) 

sinh 2«0, — n sin 2 0, 

The circumferential stress aa over the edge of the hole is easily 
calculated with the help of (7) after obtaining the sintole form 


a(acx — 00) = cosh 


a — cos 0)^ 


d 2 _ d- 
d( 3 2 Q*'-' 1 


) ( hx ) 


and putting 0/3 = o for the boundary 0 = ± 0 „ we get 
aa = 8 S (cosh « — cos 0) 


00 

f w cos P± sinh ~ w l sin @1 cosh yJh, ~j n n a dn 

J sinh 2n0! — n sin 20! 


... (18) 



Fig. 1 
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In figure i we have plotted the graphs of edge stresses against different 
values of * for the cases where U) ft — ±30" when the distance between the 
centres of the intersecting circles is 1.732 times the radius of the circles, 
and Hi) (i= ±6<>° when the distance betweeu the centres of the intersecting 
circles is equal to the radius of the circles. The maximum stresses in these 
two cases are ±4.2 S and ±5-3.Sat 2= ±0.175 and *=±0.436 respectively. 
We see as * tends to infinity the stresses tend to zero, which is obvious from 
the physical consideration that the points «= ± 00 are projected outwards 
from the main body of the plate. The dotted graph in the figure shows the 
edge stress when /?« ±yo°, i.c. the hole is one complete circle. The 
maximum stress in this case is equal to 4.S which result is well known. 
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CROSS SECTIONS OF (p, 2n), (p, pn) AND (p, 2p) 
REACTIONS FOR COPPER BOMBARDED 
WITH HIGH ENERGY PROTONS 

By S. N. GHOSHAL and T. N. DAVK 

Physics Dkpaktmknt, Lucknow University, Lucknow 
{Received for publication , Match 2, 1953) 

ABSTRACT. A general expression for the cross section of a nuclear reaction involv- 
ing the emission of n successive particles after the bombardment of the target nucleus with 
a suitable projectile has been developed. The possibility of emission of various types of 
particles, like protons, neutrons, etc. in each stage has been consideied. The general 
equation has been applied to the cases of the emission of two and three particles respective- 
ly in a nuclear reaction. The explicit expressions for the cross sections in these two 
cases have been given. The energy region of the bombarding particle is assumed to be 
such that the compound nucleus hvpolhesis holds good 

Cross sections have been calculated, based on the equations derived, for (p, 211), 
(p, pn) and (p, 2pj processes on Cu 6j upto the incidml proton energy of 22 Mev Weis«- 
kopf’s statistical theory of nuclear reactions has been applied to carry out the numerical 
calculations. The results have been compared with the experimentally determined cross 
sections fur (p, 211) and ip, pn) processes on Cu 63 . The calculated values are in qualitative 
agreement with the experimental values. The possibility of the prott n and the neutron 
being emitted as a single deuleron in tlu ( p, p 1) process has been c msidcrud. Its effect is, 
however, found to be very small upto the incident proton energy considered. 

INTRODUCTION 

The cross section for the emission of two neutrons following the proton 
bombardment on a medium heavy nucleus has been derived by Weisskopf and 
Ewing (19 to) from the statistical theory of nuclear reaction. Neglecting 
the probability of the emission of any other particle excepting the 
neutrons, they calculated the (p, 211) cross section to be 

cr( p, 2tl)-cr,,[i-'l + AEf kT)c l kT ] 

where — 211) is the excess energy of the incident proton over 

the threshold T (p, 211) of the (p, 211) reaction. T is the temperature 
of the nucleus crorresponding to the excitation energy of the residual nucieus. 
The above expression does not take into account the probability of the 
emission of particles other than neutrons. However, recent experiments 
have shown that this is by 110 means true. The probability of the emission 
of protons by not too heavy nuclei (^4 — 60) is considerable, and seems to 
exceed that of the emission of neutrons in some cases. Thus the (p, pn) 
cross section on Cu 63 has been found to be considerably higher than the 
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(p, 2 n) cross section on the same nucleus (Ghoshal, 1950), even though the 
probability of the emission of protons from nuclei is expected to be consider- 
ably reduced by the Coulomh potential barrier. Rough calculations using 
a more correct formula showed that in the case of Cu*'\ the (p, pn) cross 
section is of the same order of magnitude as the (p, 2u) cross section at a 
proton energy of about 20 Mev. The results of more exact calculations of 
these cross sections, taking into account the probability of deuteron 
emission, are reported in the present work. 

CROSS SECTION O E THE EMISSION OF M O R R THAN 

ONE PARTICL E 

Let us consider a nuclear reaction of the type : 

A+a-^C*— >B:+ b, 

B'— ±li; + b 3 

b:-> n:+b 3 

>K + bn 

The energy of the bombarding particle a is sufficiently high to allow 
the emission of « successive particles b lt b 2 , b 3 ,...b n . The residual nuclei 
in the different stages are denoted by B*, B.*, ...B*. The emitted particles b 
may be portons, neutrons, deuterons, etc. If J, («,) d« l represents the energy 
distributions of the first particles emitted, then the total number of such 
particles will be 



where «,”* is the maximum permissible energy of the first particle emitted, 
consistent with the energy E a ot the incident particle. « 1 ”’ = E a +/8„ -/3,, 
where / 3 a is the binding energy of the incident particle a to the compound 
nucleus C in its ground state and B, is the binding energy of the first 
particle b t to the same nucleus 6. The summation in the denominator 
extends over the various types of the first particles b, that can be emitted, 
e. g. neutrons, protons, etc. 

A fraction of the total number of 6, emitted will be followed by the 
emission of the second particle b s ; a smaller fraction will be followed by 
the emission of two particles b 2 and b 3 ; and so on. In each stage, the 
emitted particles may be protons, neutrons, etc. The maximum energy with 
which bi can be emitted and can still be followed by the emission of 
(n — 1) more particles is given by, 
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where 3 /?, denotes the sum over the binding eneigies f 3 lt (i 2 , /J 3 , of the 

particles 6„ b 2 ,...b n to the respective nuclei C, P l9 . The total 

number of b L emitted with energies upto is given by 





However, these first particles b, may be followed by the emission of 
various types of the successive pai tides b» to b n . To get the number of l\ 
which will be followed by the emission of the particles b 2 to b n of the 
specified types, w f e have to multiply the integrand in the above expression 
by the respective probabilities of the emission of these specified types of b 2 to 
b n . Let P 2 (e 2 )de 29 Pa(*> 9 )de 39 .. denote these probabilities 

within the proper eneigy ranges. Then the required number of b l which 
will be followed by the emission of the proper types of b. Jf b ;i ,.. b„ will be 
given by 


>#(») 


r r / • / 




(0 


« r-1 

where e\ n) = K n ft a — Sft — is the maximum permissible energy of the 

1 1 

i th particle which will allow the emission of n particles. <n is the 
maximum energy of the nth particle emitted : 

1 1 


Then assuming the compound nucleus process to be valid in the 
energy regions concerned, the cross section will be given by (Weisskopf 
and Ewing, 1940) 

v(a % b l b 2 ...b n ) 

I *(''*) ••• Pn(e*)(P'idt 2 * 

(2) 

m 

f j* 

where o- a is the cross section for the absorption of a to form the compound 
nucleus C. 

In general, the calculation of the cross sections from the above formula 
involves the evaluation of the multiple integral by numerical integration. 
For nuclear reactions involving the emission of more than three particles, the 
calculations become very much involved. 



je<»* j <■ [!<> ^ 


7— 1833P— 4 
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This is a process of the type /!(a, b t b 2 )U 2 . The cross section is given by 

r< 2) r *7 

I / 1 i(e i )P-Je 2 )de x de l 

, . . , i ••• ( 3 ) 

((7, b x bn) “ <r n u»t 

S / ’ /,'«,)*«» 

/). / 


... (3) 


The second integral in the numerator can be written more explicitly as : 

mhii -f fid — &[ — 

j ~ f h(^a Pa /^i “"/^a ~~ * 1 ) ( 3 ^) 

where »j 2 Rives the total probability of the emission of h 3 with the maximum 
energy + /?« - fi x —fi. 2 — e t . Weisskopf and Kwing have shown this 

to be given by an expression of the form : 


I /.,(h 2 )d«o 

_ y.K") _<? “ I 

! ’ 25/ a <«7) ^ r 

I): 2 / /oU'oJd* o 


where the summation in the denominator extends over the various possible 
types of b 2 which can be emitted. Thus the expression foi the cross section 
becomes : 

/ /- n -f- — P\ — fiy 

1 1 (■ « 1 ) n 2 ( E „ + ($ a - ft , - ft 2 - fc , ) d <•: , 

/ V 

"(a, h t lu) = <r a 5 


T.iejde, 


For nuclei which are not too light (A ~6o), protons and neutrons are 
the only two types of particles which can be emitted both as the primary 
(b 1 ) and the secondary [b 2 ) particles. However, in certain energy regions, 
y-emission also becomes quite probable. This is particularly so when neutron 
emission is not energetically possible, whereas, proton emission can still take 
place. The probability of the emission of the latter is, however, small 
owing to the barrier effect (proton energy is small). The only alternative 
process for the excited nucleus is to decay by the emission of a y-ray. There 
will be very small but finite probability for the emission of deutcrons as 
primary particles, when sufficient energy is available. Thus the expressions 
(4) and '5) above can be rewritten as : 


/•l. .cf. ® If — $1 “ 

J Il ( e l )* h(Ka + Pa ~ P \— Ps — 6 i)de, 

&(fltb\b 2 ) a .k a,,— e m 1 -/iff+jSd - a <j, 

I /»,(«», )d«», + I Ipjipjde Pl + I Id/r.i 



Cross Sections of (p, 2n), (p, pn) and (p, 2p) Reactions etc. 217 


J I 2 (-- 2 )d>., 

+ fp.'.tp.) + fyMy t ) 1*1'. f'y, 

J l„.de„ t + j Jp.de,. ,+ j lyde, 


jiJO 


(6a) 


where we neglect the possibility of a second dcutcron emission. The 
-/-emission is important in certain energy regions only (sec above). 


K MISSION O F T II R Ii ]• p A R T I C L K S 


Here we have 


(*<;•> r »' 

J 1 J l,i-: 1 )l\(fi 2 )r,{-V,d« l d*..de x 

a-(a, bib 2 b x ) -<r a ° ° 0 < w 

C J ' tMd'i 

As in the previous case, 

r< 

J 1 } 3 («a ) d = ij ( e ) = »/ 3 (e* lJ ~ c 3 ) 


( 7 - 


( 7 «) 


where »/., is the total probability of the emission of b :i with the maximum 
energy Considering the various types of which can be emitted, »/., 

will be given by an expression of the form (4), »j»- J.i/ 2 /.,. Putting this 

h t 

expression for the third integral ill (7), t lie second in it takes the form : 

I 1 .:’*— J P.Jr a ). - e »)d«a 
0 


I T ..(>: 2 ). ) I ;, 1 *: 1 : 0 — e 2 ) de 2 
o 

i, j l 2 {<' 2 )de 2 


( 7 ") 


where >} ) is the probability of the emission of the given types of b 3 with the 
maximum energy followed by the emission of the given types of b 3 - The 
expression for the cross section then becomes 

fh JU 

I I T,(t 1 )PJr. :! )fi. l U. r .; u — e 3 )d*,d * 2 

■ J (R) 

<r(a, b 1 b 2 b x )—tr a ' ' 

S f /,(«,)<&, 

h, J 
0 

where the explicit expression for the second integral is given as above (76). 


application 

The above results have been applied to calculate the cross sections 
<r(p, an), tr,(p, pn) and o-(p, 2p) for the nucleus Cu* 13 . Now the production 
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of the reaction (p, pn) is favoured by a number of factors over the (p, 2n) 
reaction : (i) Firstly, <r,(p, pn) is made up of three parts. <r,fp, pu} = 
,r (l>. p,n 2 ) + <r(p, n,p 3 ) + fr(p, d). In the first term, a proton is taken to be 
the first emitted particle, followed by a neutron as the second particle. In 
the second term, we have just the reverse of this, whereas, in the third term 
a deuteion is taken to be emitted as a single particle. The last is, therefore, 
a single particle emission case, (a) The reaction (p, an) on Cu*’ leaves a 
residual nucleus Zn 6 ‘ which is an even-even nucleus while the (p, pn) 
pioccss leaves the residual nucleus Cu** which is odd odd. The number 
of levels available for decay in the latter ; s greater than those in the former 
(Weisskopf and Jvwing, 19.10), and hence the probability of decay by the 
former process will be smaller than that by the latter. This is due to the 

fact that level densities of the residual nuclei are involved in the explicit 
expression of the energy distribution term T(e)de. (3) Finally, the 
binding eneigies of the protons and neutrons to the various nuclei involved 
aie such that the threshold of the (p, pn) process is about 1.9 Mev lower 
than that for the (p, 211) process. Hence more energy is available for the 
emission of t lie p and the n than for two neutrons only. This influences 
the ci oss section, since on the average, more energy and hence greater level 
density will be available for the residual nucleus in the former case. 

The cioss section ,r (p, di for the emission of the deuterou following the 
capline of the proton is given by the single paiticle emission formula 
(Weisskopf and Hiving, 1940) : 


o-(p, d) — o - ,,. 


1 ,n 


fa 1 ■*'//>!+ },1 1 


where the /-values are given by equation (ion). 

1 he pioccss Cu (p, 2 p) leads to the stable end product Ni r ' 2 . Normally 

the pievcntivc effect of the Coulomb barrier on the emission of two protons 

is expected to be more pronounced than that on the emission of a proton 
and a neutron. However, the product of the (p, pn) process, CV 2 , decays 
into Ni® 2 which is the product of the (p, ap) process on Cu B \ by the 
emission of a positron of 2.9 Mev end point (Hayward, 1950). The energy 
release in this decay is thus 4 .6 Mev, which makes the threshold of fp, 2 p) 
reaction considerably lower than the (p, pn) threshold. The difference in the 
thresholds, calculated from the mass formula is about 5.2 Mev*. Hence 
the enugy available foi the emission of the second proton is considerably 
higher than that for the emission of the neutron following the first 
proton emission. I his increases the value of <r(p, 2 p) very appreciably in 
those energy regions where (p, pn) process has either not yet started or 
is just starting. 


* S " KC lh< ‘ t-x l u ‘ nrne nlal values of the binding energies are not available in all cases, 

we have used the values of the binding energies calculated from the mass formula 
throughout the present work. These do not differ from the experimental values 
significantly as far as the present calculations ate concerned. 
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The explicit cxpressiou for the energy distribution of the emitted 
particles, I(e)de has been derived by We ; sskopf (1947) and is given by (for a 
particle b emitted) : 

M 

Tb( e b)dei > = ~^ 2 (r b (€. b ). e b . «o/?(«? 6 m — e. b )di' b (io) 

where <r h (e h ) is the cross section of the inverse process, viz., the capture of 
an incident particle b of energy e b by the residual nucleus excited with 
energy (e b m — e ft ). ti>n{e b m — e 4 ) gives the level density of the residual nucleus 
at the excitation energy (e ft °*-e 6 ) after the emission of h. The function j b 
introduced above (Kqns 4 and 6) is given by the integral : 

f bi^b m ) == ^2^2 J cr b( e b)- 6 ft. — )d* (io d) 


e h m being the inaxiinum energy with which b can be emitted. 

The values of / for different types of particles have been calculated by 
Weisskopf and Ewing (1940), by assuming the level density to/* to be given 
by an expression of the form ; 

) — C C v/ 

where C is a constant depending on the mass number A of the nucleus. To 
take into account the fact that the residual nucleus may be even-even, 
odd-odd, or even-odd (see above), Weisskopf and Ewing (1940) have 
assumed the following ratios between the level -densities : 

C L>veu-ov#n ^ o vpii-i dd 88 1 ( odd-odd 
odd rvcti 

However, in the present work, qualitative agreement between the calculated 
results and the observed values was obtained with the following ratios : 


i — JjC avoir-odd 553 (- odd -odd 

odd evoD 


These have, therefore, been used throughout our calculation.* 

The constant a also depends on A. In their calculations Weisskopf and 
Ewing have assumed a= A / 5 (Mcv)“ J 

We have recalculated the / values using a slightly different expression 
for a (see Weisskopf, 1917)** 

— 3*35^4 — 40) “(Mev) ~ 1 (it) 


* Recently Blatt and Weisskopf (1952) have predicted somewhat siniiar ratios for C 
between the different types of nuclei. 

* * We are indebted to Professor Weisskopf for kindb .supplying 11s with the tables of 
the cross sections <r p , <ra and <r t , for different nuclei. The cross sections which differ 
somewhat from the earlier calculations of Weisskopf (i947)> have been used in the 
present work. 

In their recent publication, Blatt and Weisskopf (1952) give the value of a 
somewhat different fiom the one given in eqn. (rx). However, since the theory is 
verv approximate, it cati only show qualitative behaviours. Hence the above difference 
does not alter the nature of our results appreciably. 
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We have not assumed any explicit expression for C, since only ratios are 
always involved and C cancels out. We have neglected the slight variation 
of C and a between different nuclei involved i A varies between 63 and 64). 

In the case of y-etnission, the following expression for / y has been used 
(Weisskopf, 1947) : 



where Cy is a numerical constant whose value is given by Cy — o. 6 $ x io -! ’ 
cm ! /Mev'. E t is the excitation energy of the nucleus emitting the radiation 
and is the energy hv of the y-ray emitted, c is the velocity of light. 

Besides the cross sections <r (p, 2ti), <r(p, pn) aud <r (p, 2 p) the cross 
sections o-fp, 11) and tr(p, p) for single particle emission processes were also 
calculated at the same energy values as a check against possible mistakes 
in the calculations. For the sum of all these cross sections should give cr ;)| 
the cross section for the absorption of the proton by Cu 81 to form the 
compound nucleus Zn 64 . 

The results of the calculations are shown in figures r and 2. In figure 
1, the cross sections <r(p, n t p a !, <r(p, p,nj, <r(p, d) and o- t (p, pn) which 
is the sum of the first three are plotted against t lie incident proton energy. 
In figure 2, the cross sections <r(p, 2 n), <Mp ( pn) and <r(p, 2.p) are plotted. 



Cioss .sections <r(p, p, n 2 ), .rip, p 2 ), *r(p, aiul <r,tp, pni pi >tted as functions of the 
iiK ident proton energy. *r.(p, pn)is the sum of the first three cross-sections. (r=i.3Xio‘^) 

For the sake of comparison, the experimental values of <r(p, 2 n) and 
,r r(pi pn) are also plotted in the same diagram. The latter were measured 
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with the 32 Mev proton beam from the linear accelerator of the University of 
California, Berkeley, U.S.A. by one of us (Ohoshal 1930). 

From figure i, we see that the contribution to the <rq> t pn) cross section 
due to the emission of the deuterou is about 5% of (r,(p, pn) at the incident 
proton energies considered. 

The curves of figure 2 show qualitative agreement with the experimental 
values. The calculated ratio <r,(p, pn) : cr(p, 211) agrees with the experi- 
mental value at the peaks of the excitation curves. The agreement in other 
regions is very rough, owing to the fact that the cross sections depend signifi 
cantly upon the thresholds of the various reactions and the ratio of the level 
densities in case of odd-ockl, even-odd and even-even nuclei. There is also 
not very good agreement between the absolute values of the various cross 
sections as can be seen from figure 2, 



Fig. 2 


Cross sections <r(p, 2 n), <r,(p, pn) and cr(p, 2p) as functions of the incident proton 
energy. Solid curves represent the calculated values ( t<>= 1 .3 x Jo~ ,3 ) t while the broken 
carves represent the experimental values. 
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: v : OISTURE-SENSITI VIT Y OF DIELECTRIC CONSTANT OF 
JUTE AND COTTON* 

Bv H. L. UANERJEE 

1 1 1 i.i i' ctric Research Laboratory, Dept, ok Applied Physics, Calcutta University 
(Received for publication , August 4, 1$52) 

ABSTRACT. The effect of moisture on the dielectric constant of jute and cotton for 
Ixith raw and chemically treated forms have been studied. The moisture-sensitivity of their 
dielectric constant is found to be different from one another but When dry, they have sensibly 
the same value of dielectric constant. Attempts have been made to explain this difference 
in their behaviour. 


It is verv much regretted that the si/e ol the format 
in this particular issue* has inadvertently been tediued 
to the royal si/e by the press at the time ol priming 


ailr l Ld cm. in diameter, are fixed centrally at right angles to the plane of the 
plates. "On the.se rods threads are cut. The plates along with the rods are 
htted face to face inside a horizontal pyrex glass tube of length 17.8 cm Tts 
inside diameter almost coincides with the diameter of the condenser plates. It 
is fitted with inlet and outlet tubes at its ends for the purpose of circulating 

a,r of desired humidities through it. Each end of the glass tube is closed by 
means of a flange and rubber gasket. At the back of each flange a nut, fixed 

an ebonite hand-wheel, is fitted over the brass rod and its plate can be 


* Communicated by Prof. P. C. Mahanti. 
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MOISTURE-SENSITIVITY OF DIELECTRIC CONSTANT OF 

JUTE AND COTTON 111 

By H. L. BANERJEE 

Dielectric Research Laboratory, Dept, ok Applied Physics, Calcutta University 
(Received for publication , August 4 , 19$2) 

ABSTRACT. The effect of moisture on the dielectric constant of jute and cotton for 
it h raw and chemically treated forms have been studied. The fnnisturc -sensitivity of their 
electric constant is found to be different from one another but vfhen dry, they have sensibly 
e same value of dielectric constant. Attempts have been mad$ to explain this difference 
their behaviour. 


INTRODUCTION 

The primary object with which the present work was started was to design 
i electric moisture meter for use in jute industry. Prom a preliminary survey 
the effect of moisture on the different electrical properties of jute fibres, a 
udy of moisture-sensitivity of their dielectric constant was found promising for 
c purpose. Por a comparative study, it was also thought of interest to extend 
r observations to chemically treated samples of jute fibres, as well as to raw 
d chemically treated fibres of cotton. Measurements have been made therefore 
t only on samples of native raw jute and cotton, hut also on five samples of 
cmicnllv treated jute and one sample of chemically treated cotton. The 
emically treated jute samples include three alkali-treated samples prepared by 
ing 1%, 12.5 % and 17.5 /f NaOH solutions at room temperature, one 
Iignified and one holocellulosc sample prepared by the use of usual chlorite 
dhod. The chemically treated cotton sample was a mercersied one using 
.5% NaOH solution also at the room temperature. 

’ pcrimental fibre-condcnser . 

After many trials, a condenser as shown in figure 1. was suitably designed 
contain a given weight of fibres at various conditions of relative humidities, 
was essentially of parallel-plate type. The plates are circular brass discs of 
meter (115 cm. and thickness 0.45 cm. and are nickel-plated to give a smooth 
ning surface. On one side of the plates, brass rods, about 15 cm. in length 
1 1.3 cm, in diameter, are fixed centrally at right angles to the plane of the 
tes. *On these rods threads are cut. The plates along with the rods are 
ed face to face inside a horizontal pyrex glass tube of length 17.8 cm. Tts 
ide diameter almost coincides with the diameter of the condenser plates. It 
fitted with inlet and outlet tubes at its ends for the purpose of circulating 

of desired humidities through it. Each end of the glass tube is closed by 
ans of a flange and rubber gasket. At the hack of each flange a nut, fixed 
an ebonite hand-wheel, is fitted over the brass rod and its plate can be 


* Communicated by Prof. P. C. Mahanti. 
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moved inwards and outwards within the glass tuhe, as requited by mean of 
the hand-wheel. The plates are prevented from rotating during their move! ,< nt 



FIG. 1. 

(a) Plate with rod. (c) Flange and Gasket, 

(h) Glass tube . (d) Ebonite hand wheel 


by means of a keyway fitting with the nut. Two binding screws at the cnT 
of the two rods serve as the terminals of the condenser. The assembly is then 
suitably mounted in a horizontal position on a wooden frame. 

Tn subsequent measurements, the plates were kept at 0.45 cm. apart and the 
capacity of the condenser under this condition with air as the medium, a-, 
measured on the Sobering bridge, was about <S.5 /x/x f. while that calculated from 
its dimensions was about 6.1 ju/xj. For the purpose of this investigation, tht 
parasitic capacity 2.4 /*/*/, as obtained from these data was assumed to remain 
constant throughout all measurements. 

Method of pack hi cj. 

Since dielectric constant depends on the alignment of the fibres with 
respect to the field, it was necessary to ensure a random packing of the fibres 
in the condenser. For this purpose the fibres were cut into small lengths mixed 
with a few drops of water and made into a plug which was inserted into the 
condenser for conditioning. The effect of air could not altogether be eliminated 
and hence the measured values would be lower than the actual dielectric 
constants of the fibres. 

Conditioning of fibres. 

The arrangement for conditioning the fibres in the condenser is as shown 
in figure 2. A given weight of fibres, 3.5 gm., was cut into small pieces and 
uniformly packed in the space between the condenser plates which were next 
.screwed out to allow the inlet and outlet tubes to he introduced between them. 
The towers were filled with sulphuric acid-water mixtures of appropriate 
concentration for obtaining a particular relative humidity. Air was bubbled 
through the acid solutions and allowed to pass through the fibres and finally drawn 
out through the outlet tube of the condenser, a combined force/exhaust pump 
being used for the purpose. The object of having three towers was to ensure 
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t h:i iic concentration of the acid mixture in the tower nearest to the condenser 
ren.-'ied practically constant during the period of circulation of air. About 
4~:, i.ours of continuous (low at the rate of 2 litres per minute was found 
sufni lent for the attainment of equilibrium humidity in the fibres. To avoid 



uncertainty about the equilibrium point the fibres were 1 conditioned for 20 hours 
by circulating humidified air continuously overnight at the end of which period 
the inlet and the outlet tubes of the condenser were closed, so that outside air 
cuiild not disturb the condition of the fibres. The condenser plates were then 
brought closer to a distance of 1.35 cm. between their outer edges. To eliminate* 
the effect, if there be any, of the previous history of the samples regarding the 
moisture absorption every sample was first conditioned at O'T relative humidity 
and its dielectric constant was measured, and the measurements continued after 
progressively increasing the relative humidity of conditioning and then similarly 
diminishing it so that a complete cycle of absorption and desorption could be 
taken. 


Measurement of dielectric constant. 


file circuit diagram of the bridge used is as shown in figure 3. All 
measurements were made at a frequency of oscillation of 2 Kc/scc. hy the 

usual method of substitution. A standard air condenser ( was placed in the 

fourth arm and the fibre condenser was inserted across the variable standard 
condenser C H . Balance was obtained by adjusting ihe power factor in the 

second arm and the capacity C s in the third arm. Under this condition 


Csu -f- Cj r 2 


( 1 ) 


(C zzi capacity of the standard air condenser, C s j ~ capacity of the variable 
condenser C&, Ct — capacity of the fibre condenser, /vh and Ro are impedances 
111 the ratio arms 1 and 2 respectively.) 

The fibre condenser was removed and again balance was obtained when 


C 

Cs 


*1 

R* 


( 2 ) 
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capacity of the variable condenser at the balance point.) 

From (1) and (2) 

Ct “ — Cfl! ... (3) 

From the observed value of Ct, the net capacitance (C'f)of the .it, u . 
condenser at a* given value of moisture content was obtained by making allou user 



Fig. 3 


for its parasitic capacitance and the value of dielectric constant was evaluate*! 
from the following relation, 

~ 11*31 Ct t 

li = ■ A ’ 

where C't is given in /x/iF, / is the thickness of the sample in cm. and A is the 
area of the condenser plates in cm. 2 

Special care was taken to ensure the constancy of the frequency <>i 
oscillation during a measurement, for which purpose a stabilisation period ot 
nearly half-an-hour was allowed to pass before a reading was taken. In order 
to check the accuracy of measurements, capacities of known lalwramrv 
standard capacitors were measured and it was found that the error did not 
exceed 1%. Replicate measurements with a given weight of fibres in du* 
condenser confirmed the reproducibility of the results. 

Effect of pressure. 

It was considered important to investigate if the dielectric constant of :i 
sample undergoes any appreciable variation when the separation between the 
electrodes for a given weight of the sample is slightly different from the value 
at which they were normally kept. It was found that the variations in the 
distance between the condenser plates over a range 0.35-0.60 cm. and hence 
the corresponding pressure variations, did not affect appreciably the diele<'iio 
constant of a sample, the maximum change being about 3% at the highest vFne 
of its moisture content. 
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TABLE 1 







Jute samples 




bample 


Adsorption 

results 


Desorption 

results 


, R.II. 

% M.C. 

K 

% R.H. 

% M.C 

K 


0 

0 

1-80 

73 

16-5 

3*80 


27 

5-0 

1-83 

60 

120 

2*80 

Raw jute 

37 

6-2 

1-93 

51 

9-7 

2*10 

55 

9-1 

2-12 

43 

8-0 

1*94 


60 

10-0 

2-18 

30 

7-5 

1*89 


70 

11-8 

2-54 

29 

• 6-5 

1*82 


79 

13-7 

3-60 

2 

0-1 

1*80 


100 

31-2 


— 


— 


0 

0 

1-83 

66 

10*5 

8*84 


28 

4-5 

1-93 

40 

7*3 

4*59 

JJuIo cellulose 

51 

6-6 

3-12 

33 

6*0 

2*26 


62 

7-8 

5-60 

10 

4*0 

2*06 


69 

8-9 

8-30 

0 

0 

1*71 


100 

27-0 


— 

— 



0 

0 

1-85 

61 

13*1 

4-27 


25 

5-6 

1-89 

50 

11*0 

2-70 

Deliftnificd jute 

42 

8-2 

2-05 

38 

9-2 

2-60 

56 

10-0 

2-58 

28 

7*5 

2-15 


71 

12-0 

4-37 

14 

4-5 

2-06 


100 

35-0 


0 

0 

1-83 


0 

0 

1 -80 

87 

21*5 

2-66 

17-5% NaOH 

25 

5-2 

1-90 

71 

15*5 

2-48 

jute 

38 

6-9 

1-98 

51 

11*0 

2-29 

52 

8-5 

2-10 

36 

9*0 

2-05 


65 

10-5 

219 

19 

6*0 

1-90 


75 

12-6 

2-27 

10 

3*5 

1-85 


100 

28-2 

3-60 

0 

0 

1-81 


0 

0 

1-87 

81 

18*5 

2-81 

12 5% NaOH 

26 

5-2 

2-00 

70 

14*1 

2-41 

j nte 

36 

6-2 

2 '04 

56 

10*5 

2-20 

51 

8-0 

2-15 

42 

8*2 

2-07 


63 

9-7 

2-2<> 

24 

6*5 

1-98 


85 

15-6 

2 • 66 

10 

3*5 

1-88 


100 

29-5 

4-10 

0 

0 

1 -87 


0 

0 

1-88 

82 

19*0 

3-15 


23 

5-0 

1 -98 

67 

33*2 

2-51 


36 

6-2 

2-05 

48 

9*0 

216 


45 

7-2 

2-12 

35 

7*6 

204 

l'I NaOH 

61 

9-5 

2-32 

20 

6*5 

1-97 


76 

12-5 

2-58 

0 

0 

1-88 


88 

17-5 

3-30 





100 

30-0 

4-42 
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((7h = capacity of the variable condenser at the balance point.) 

From (1) and (2) 

Cjr r ” 6s Chj ... (3) 

From the observed value of ( f, the net capacitance (Cf)of the i ii t r 
condenser at a given value of moisture content was obtained by making alW ,ihv 



SC Hi RING CAPACITANCE BfUDCt- 


Ffc. 3 

for its parasitic capacitance and the value of dielectric constant was evaluated 
from the following relation, 

r 11-31 CV 

h= A • 

where f'r is given in /i/x/ ; , / i> the thickness of the sample in cm. and A is the 
area of the condenser plates in cm. 2 

Special care was taken to ensure the constancy of the frequency <»! 
oscillation during a measurement, for which purpose a stabilisation period ni 
nearly half-au-hour was allowed to pass before a reading was taken. In on Km 
to check the accuracy of measurements, capacities of known laboratory 
standard capacitors were measured and it was found that the error did not 
exceed 1%. Implicate measurements with a given weight of fibres in die 
condenser confirmed the reproducibility of the results. 

lifted of pressure. 

It was considered important to investigate if the dielectric constant of a 
sample undergoes any appreciable variation when the separation between die 
electrodes for a given weight of the sample is slightly different from the v:d*ie 
at which they were normally kept. It was found that the variations in ihc 
distance between the condenser plates over a range 0.35-0.60 cm. and Tv've 
the corresponding pressure variations, did not affect appreciably the dielecHc 
constant of a sample, the maximum change being about 3% at the highest va 1 ic 
of its moisture content. 
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EXPERIMENTAL RESULT S 


TABLE I 

Jute samples 


sample Adsorption results 


Desorption results 


Knw jute 


16 Jo-cellulose 


Di lipnificd jute 


17-5% NaOH 
jute 


' 5% NaOH 
lute 


NaOH 

ji ip 


% R.H. 

% M.C. 


0 

0 

D80 

27 

5-0 

1-83 

37 

6-2 

1-93 

SS 

9-1 

M2 

60 

10-0 

2-18 

70 

11-8 

2- 54 

79 

13-7 

3-00 

100 

31-2 


0 

0 

1-83 

28 

4-5 

1-93 

51 

6-6 

;H2 

(.2 

7-8 

5- 60 

69 

8-9 

8-30 

100 

27-0 


0 

0 

1-85 

25 

5-6 

1-89 

42 

8-2 

2*05 

50 

10-0 

2*58 

71 

120 

4-37 

100 

35-0 


0 

0 

1*80 

25 

5-2 

1*90 

38 

6-9 

1-98 

52 

8-5 

2*10 

65 

10-5 

219 

75 

12-6 

2*27 

100 

28-2 

3-60 

0 

0 

1-87 

26 

5 -2 

2-00 

36 

6-2 

2*04 

51 

8-0 

2*15 

63 

97 

2*26 

85 

15 •( 

2-00 

100 

29-5 

4-10 

0 

0 

1-88 

23 

5-0 

1*98 

36 

6-2 

2-03 

45 

7-2 

2-12 

61 

9-5 

2-32 

76 

12-5 

2-58 

88 

17-5 

3-30 

100 

30-0 

4*42 


Iv.li. 

% M.C 


73 

16-5 

3-80 

60 

12*0 

2 •HO 

51 

9*7 

2-10 

42 

8*0 

1-94 

39 

7*5 

1-89 

29 

6*5 

1 -82 


0*1 

LH0 

00 

10-5 

H-84 

49 

7*3 

4-59 

33 

6-0 

2-26 

19 

4-0 

2 -IK) 

0 

0 

171 

01 

13*1 

4-27 

SO 

1D0 

270 

38 

9*2 

2 -60 

28 

7*5 

215 

14 

4-5 

2’ 06 

0 

0 

1-83 

87 

21-5 

2-66 

71 

15*5 

2-48 

51 

1D0 

2-29 

36 

9-0 

2015 

19 

6*0 

1-90 

10 

3*5 

1-85 

0 

0 

1-81 

81 

18-5 

2-81 

70 

14*1 

2-41 

So 

10*5 

2-20 

42 

8*2 

2-07 

24 

0*5 

1-98 

10 

3*5 

1-88 

0 

C 

1-87 

82 

19*0 

3-15 

67 

13*2 

2-51 

48 

9-0 

2-16 

35 

7*6 

2 04 

20 

6-5 

1-97 

0 

0 

1-88 
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TABLE n 
Cotton samples 


Sample 

Adsorption results 


Desorption result: 


% R.H. % M C 

K 

% R.H. % M.C. 



0 

0 

1*80 

70 

9-5 

5 - On 


7 

2*0 

1 *80 

57 

7-5 

3 - 7 i 

Raw cotton 

21 

3-1 

1-80 

50 

6-5 

3 O ') 


37 

4-0 

2-15 

43 

5-6 

2-01 


52 

4*8 

2 • 60 

35 

4-8 

2-40 


62 

o-0 

4*11 

28 

4-2 

2 * 05 


74 

8-0 

4-88 

18 

3-2 

1-92 


100 

— 

— 

0 

0 

1 ■ 83 


0 

0 

1-85 

74 

10-9 

5-91 

Mercerised cotton 

20 

6-0 

1*88 

63 

13-0 

3 -oo 


45 

8-5 

2-21 

*10 

10-5 

2-74 


50 

10-3 

2-58 

20 

7-7 

2-10 


75 

13-0 

3*80 

14 

4-5 

DSs 


100 

35*0 

— 

0 

0 

1 *83 


TABLE 111 
Air dielectric 


Adsorption results Desorption results 


, R.H. 


% R.H. 


0 

1-00 

100 

1 -35 

30 

1-05 

90 

1-17 

80 

M0 

80 

M0 

00 

1*17 

30 

1-05 

100 

1-35 

0 

1-00 


DJSXUSSION 

The variation of dielectric constant with relative humidity of conclitiormfi 
for the various samples of jute and cotton is shown in figure 4 which incln les 
also the results of measurements on the experimental condenser with air ah»ne 
as medium between its plates. It will be noted that for a given change in die 
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humidity, the change in the dielectric constant of air is much smaller 
. it of the fibres. This is perhaps due to the more dispersed state of the 



i urn' ( 1 ) __ JuU* (raw ) 
i J ) Cotton (raw) 

(,C — Hnlocellulosr 
(4) - Dclinnified jute 
.. (5) - Mercerised cotton 


(M i. 17 5% NaOH treated j nte 

(7) - 1 J-5% 

(8) - 1 7 < 

( l >) Air condenser 


nioicculfs of water vapour in the former ease. The main features of the 
results are : 

l u) Tor a given sample, the dielectric constant at a particular relative 
humidity, depends upon whether it is conditioned by absorption or desorption, 
Tf dielectric constant in the latter case being higher, as can he seen from curve (IV 

(M The dielectric constant of jute is lower than that of cotton at any value 
:, f relative humidity although its moisture content corresponding to a given 
relative humidity is higher. 

(<*) Mercerisation or alkali treatment decreases the dielectric constant of 
jule and cotton. 

(d) Delignification increases the dielectric constant of jute to a value 
nearing that for cotton at any value of relative humidity. 

(r) The dielectric constant is sensibly the same for all dried samples of jute 
| ,u, d rntton, irrespective of being raw or chemically treated. 

the curves showing the variation of dielectric constant with moisture 
I silent of the different samples are given in figure 5. It may he noted that 
nnlihp the dielectric constant — relative humidity curve, the dielectric constant 
mnistnre content curve is the same for both increasing and decreasing values 
j °f moisture content of conditioning of a sample. 
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It is now almost an established idea that the dielectric properties of .Hires 
and polymeric substances in general can be explained in terms of an osciL,n (in 
and relaxation spectrum. The former arises mainly out of electron and .it^ 
polarizations while the latter is the result of polarization on account of orientation 
of the molecules or their polar parts or displacement of ions, the transL t \t m \ 
or rotational diffusion as the case may be, requiring a supply of a stall. m4 
distribution of activation energy. The dielectric constant at frequencies o tlx 
applied field within the range 10' 1 — 10° c/sec. can he regarded as largely d.n* to 



polarization as a result of ionic displacement or dipolar orientation, whereas, that 
at higher frequencies due to electron and atom polarization. The dieledrr 

properties, such as the dielectric constant and the loss angle, of inhnmogcnnnr 
materials consisting of conducting or semi-conducting particles dispersed in an 
insulator can he explained with the help of Maxwell-Wagner equations and their 
subsequent modifications due to Sillars (1937) which relate these propet tie- 
in terms of volume fractions, dielectric constants and conductivities of tin 
components, Sillars has indicated that the shape of the conducting panicle' 
has a profound influence upon the dielectric constant. As for instance, :i 
system having prolate (needle-like) particles will give a much higher dieltrtrn 
constant than that with particles of oblate (lens-like) shape, the unique axi" 
of both pointing toward the direction of the field. 

The total quantities of moisture in fibres can be broadly regarded a* 
composed of (1) hound and (2) free moisture. The small quantity *»f 
chemically hound moisture and that absorped in the localised sites forming ;i 
utiimolecular layer, both form the hound moisture ; on the other hand, the w 
moisture inside fibres may be either (1) dispersed molecules in the multimolei ular 
layers of adsorption and bound by the same force as between the molecule- ot 
liquid water or (2) liquid water in the capillaries of varying size and slupe. 
or (3) both. Direct measurement of the relative proportions of bound am! 
free moisture is rather difficult. For cotton, however, Peirce (1929) has 
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ca l c ,,; vd these quantities from probalility considerations. Since the ratio of 
( jjc!- . < ic constant of water and that of the fibre substance is ver\ high (about 
f!() ; -m and the dielectric constant of water decreases with decrease in the 
fre, ,<:ii of movement of the molecules, one would except that the dielectric 
con- • ut will be very sensitive to the presence of water and, of the two states 
of v ter inside the fibres, the free moisture would affect it by a greater amount. 
The similarity in the nature of the curves as given in figure 4 and that showing 
tlu j elation between free moisture and relative humidity for cotton, due to 
poire, also points to such calculation. The increase in the dielectric constant 
with moisture content can therefore be regarded as due to an increase in the 
;ui]t»imt of free moisture and is not likely to be the result of a decrease in the 
air (ontent of the composite dielectric with swelling. 

The fibre samples used in the the present investigation undoubtedly 
jiuwss varying projections of polar groups in the hydroxyls and the carboxyls 
nf the constituents as w r ell as in the associated water molecules, the moment and 
the freedom of motion of the dipole in each sample being different. It is 
tlieiefore reasonable to exjiect their dielectric properties to he widely different 
>)!! account of the difference in the dipole orientations resulting from the 
application of the alternating field. Figure 4 shows, however, that the fibres have 
almost the same dielectric constant at O'V relative humidity which suggests that in 
tin- ease, the dijxde mechanism is not effective. Since the frequency of the 
applied field, 2 Kc /sec., can he regarded as low, being about the lowest limit 
al which |K>larization due to ionic displacement or dipolar orientation is likely 
to occur, it will not be altogether without reason to exclude such a possibility. 

\ small difference in the dielectric constant values for the various samples may 
arise out of a possible difference in the density of the fibre substances. Tt 
should he mentioned that the almost identical dielectric constant values for the 
various dry fibres may he due to the low' order of accuracy of measurement in 
this region. If the effect of the intervening air could he eliminated by subjecting 
the fibres to a high pressure the dielectric constant values and therefore, the 
order of accuracy of measurement would certainly be higher as ? result of which 
Mnall differences, if there were any, between the dielectric constant values for 
the individual fibre sample would be revealed. 

Accepting that the increase in the dielectric constant is due to an increase 
in the free moisture content as pointed out above and that the structure of the 
fibres is not likely to alter progressively with moisture absorption so as to effect 
increase either in the freedom of movement of the f>olar groups, or in the 
Mibstance density, the observed relation between dielectric constant and moisture 
content can l>e explained hv applying either Wagner model or its modification 

to Sillars. Since the whole of moisture absorbed in the fibres is not in the 
b f 'e state, the volume fractions of free moisture need to he calculated. Using 
t u Peirce’s data for cotton the free moisture content at different relative 
humidities for jute can he deduced, if it is assumed that the proportions of 
l’ ( mnd moisture in jute and cotton are in the ratio of their non-crvstalline 
enstituents, 1.56, as indicated by Sen and Hermans (1949) disregarding the 
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content of the fibres. Assuming that lignin took part in the formation of th, 
pores in jute ami somehow blocked the cellulosic region having finer pores, it- 
removal would lead to a fibrous material with finer pores which in respect of the 
dielectric properties would therefore approach cotton fibres. 

The action of alkali on both jute and cotton can he regarded as to increase 
the hound moisture content on account of swelling due to which a great ei 
number of reactive groups, lndroxvl or carboxyl, is likely to he available foi 
moisture absorption. Simultaneously, fibres having larger pores may also result 
from alkali treatment. 
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CORRELATION BETWEEN VARIATIONS OF SURFACE 
PRESSURE AND IONOSPHERIC PARAMETERS 
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ABSTRACT. Possible existence of correlation l>et\veen variations of atmospheric pressure 
tlPi ,{ variations of certain ionospheric parameters is examined by statistical analysis of the 
im tcorological and ionospheric data of C alcutta for the years 1W8-1951. It is found that m 
,<mie months, at least, of a year the changes in the ionization value in course of the month 
i im a given hour of the day) have strong correlation with the pressure changes at the ground 
,ii the same hour in course of the same month. Further, for the same months, the \ nidations 
nl the average day- and night-time ionization densities ot the E-region are found to have good 
» orrelation with pressure variations in course of the month at a particular hour. These results 
arc in conformity with those obtained by Martyn and Pulley in Australia The possible ex- 
planations of such correlations that have been suggested, namely, that variations of ozone 
content as occur in the ozonosphere (causing teniperatuie variation) reach the ionospheiic 
flights, or, that the effects of tropospheric disturbances reach the same heights by leaking 
fluough the stratosphere, are examined. It is maintained that before arriving at any definite 
conclusion regarding the correctness or otherwise of these explanations, it is essential that the 
types of the association that probably exist art* established unambiguously, by long continued 
observations in the different parts of the world. 

1 N T R O I) II OT 1 O N 

Attempts have been made from time to time by investigators in the different 
parts of the world to find out correlations, if any, between variations ol barometric 
pressure at the ground and the variations of the ionospheric parameters (e.g., 
ionization density, height, etc.) of the different ionospheric layers. I bus, Jones 
and Jones (1950) have studied correlation between average variation of diurnal 
pressure at the ground and average diurnal variation of the scmithickness of the 
Fj-layer. They found that the two oscillations are in opposite phase i.e., the 
scmithickness is smallest when the suriace barometric reading is the highest. 
Martyn and Tulley (1936), working at Sydney Australia, investigated the 
correlation between variations of atmospheric pressure near the ground and 
variations of the ionization densities of the 1C and hj-regions, as also ol the 
height of the EVregion. In certain cases, they I mind good correlation direct 
h>r the former and indirect for the latter, hut in most cases there was none. 
Definite associations were found, however, in the same country 1>etvvceii the 
isoharic conditions near the ground and the h ^-ionizations in the ionosphere. 

In the present paper, the possible existence oj associations between the 
atmospheric pressure variations on the one hand and the variations of the 

^einithickness and the critical frequency of the EVlayer and the average day 
time and night time ionization densities of the E-region on the other, is examined 
airesh by statistical analysis of the records of the meteorological and ionospheric 
data of Calcutta. The ionospheric data were obtained from the records of the 



236 


M. R. Kundu 


Ionosphere Station at the University College of Science and Technology, Calcutta 
and the pressure data from the Meteorological Observatory, Alipore, situated at 
7.5 km south of the ionospheric station. 

KKSULTS OF ANALYSIS 

(a) Barometric pressure and F^-hiyer semithickness : For this analysis, tlu 
barometric and ionospheric data of Calcutta for the years 1948-1951 were utilised 
The method of analysis was the same as employed by Jones and Jones. 

To prevent masking of any possible association between the hourly values 
of the two parameters by large local changes due to disturbances or other cause-, 
mean values were taken over intervals of 6 and 12 months. This is considered 
sufficient to eliminate random daily variations. Typical average three-hourl\ 
variation of pressure and semithickness of the l 4 Vlayer are plotted in figures 1 (a» 
and 1(h). It will be seen from the figures that the two oscillations are in 



Hours 0- M V ► 

Fig. 1(a) 

Diurnal variation of the mean values of the seniithiekness )'/// of the 
hVlavu con i pa lei l with the mi responding vaiiation.s < A 

ni I /»*■ ii/ifi/wl I iil »• _ [ 1 0^1 


t 

2 


•3 

I 



I 

j5 
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Fig. 1(h) 

Diurnal variation of the mean values of the semithickness Vin of the 
Fa-layer compared with the corresponding variations of surface 
pressure for the period Jan. -June, 1948, 
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i .posit e phase only approximately''. The best significant correlation is obtained 
applying the so-called method of lag correlation in statistics, when a time lag 
, three hours is introduced between the two variations. The same result has 
on obtained from the data for all the years 1948-1951. The results of 
. .uistical analysis, allowing the time lag of three hours, are given in Table 1. 

will be noticed that in most cases the probability of the association oecuring 
i., chance is small. It may therefore be concluded that in most cases the 
, .rrelation is statistically significant. The significance lest lias also l>een carried 
..in after Levy and Preidel (1944) (figure 2). Reference to Table 1 shows that 



Fir. 2. 

Test for the significance of the correlation coefficient. 


ut a number of cases the coefficient of correlation is small. This may perhaps he 
attributed to the limited accuracy of the ionospheric recorder used in the height 
measurements. 


TABLE 1 

Correlation between pressure and scmithicknoss of the 1L layer 


Year and months 

Coefficient of 
correlation 

Probability of 
occurrence by 
chance 

Standard 
deviation of 
pressure 

Standard 

deviation 

semitliickne 

1948 

January -June 

0-72 

0*66x10 2 

1.27 mb 

1010 km 

1 auuary- December 

0*65 

0*15x10 ' 

1 * 26 mb 

6-32 „ 

t Vtoher- March '49 

0-45 

0-90x10 1 

1*20 mb 

(>■10 „ 

1950 

Liiuary-June 

0-62 

0-21 X 10' 1 

1 • 16 mb 

7 -(,7 „ 

1951 

J nly- December 

0-77 

0*42x10 8 

1*22 mb 

7-61 ., 

19^0 

* 11 wary -December 

0*62 

0*21 xlO- 1 

1*08 mb 

7- 15 
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(b) Pressure and ionisation densities : Only one year’s data (Jan. 1949 
to Dec. 1949) were analysed for the study of the correlation between the day to 
day variations of atmospheric pressure and of the ionization densities (data for 
three hours 09(X), 1200, 1800 hours, L.M-T. were used). Figures 3 to 7 an 



o s w to to is so 

March, 1949 

Fig. 300 

ustrating correlation between the day to day variations of surface 
pressure and the average E ionization density for March, 1949, 



to MO 

March, 1949 

Fig. 3(6) 

Illustrating correlation between the day to day variations of surface pressure 
and critical frequency of the Fa-layer for March, 1949. 
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> ol the variation curves. Visual comparison of the pressure curve with the 
.spheric parameter curves at once reveals that there is correlation between 
two sets. This is in conformity with the observations of Martyn and Pulley 
Vustralia who found that the average day-time and night-time ionization 



Fiji. 4 (a) 

Illustrating correlation between the day to day variations of surface 
pressure and the average 1C ionization density for June, 1949. 



Fig. 4 ( b) 

Illustrating correlation between the clay to day variations of surface 
pressure and critical frequency of the ha-layer for June, 1949. 


densities of the K-region and the 9 A. M. and noun time critical frequencies of the 
^ 2 -region on the one hand correlate directly with the day to day pressure 
variations at the ground on the other. Closer scrutiny shows, however, that 
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the correlation is not of the same degree for all the months. Correlations fr„ 
the months of March. June and September are better than those for July a,, 
December. Results of the statistical study of the correlation as shown in Table i , 



to 

July, 1949 

Fig. 5. 

Illustrating correlation between the day to clay variations of surface 
pressure and critical frequency of the lv-laycr for July, 1949. 


JW*h 


Septtmbtr, 1949 

Fig. 6(a) 

Illustrating correlation between the day to day variations of surface 
pressure and the average E ionization density for September, 1949. 

also confirm this. Examination of the probability of the correlation occuring hv 
chance shows that whereas the correlation for the months of March, June ami 
September is statistically significant that for the other months is less so. 
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TABLE II 

Correlation between pressure and ionization densities 

Standard Standard 

deviation deviation of 

of pressme Hie parameter 


.,aicb, 1949 

Noon time 

0-70 

0-80x10 - 4 

2-34 mb 

0-53 

Me/s 


Av. day time 

E-iotiisation 

density 

0*57 

0-13x10— a 

1 -6 7 nib 

2-94 

unit 


Av. night time 

E-ionization 

density 

0-50 

0-47x10 ‘ 

1 -(>8 mb 

2-12 

unit 

June, 1949 

/°F a at 9 a.m. 

0-73 

0* 2x1 0- 4 

2* 4 mb 

0*83 

Me/s 


Av. night time 

K-ionization 

density 

0*65 

0- 9xl0 _ 1 

2-27 mb 

1-45 

unit 

July, 1949 

/°F a at 9 A.M. 

(>■07 

7- 3x10 1 

1*85 mb 

0*3(> 

Mi/s 

September, 1949 

/°F s at 9 a.m. 

0*52 

0-14X1O- 1 

1-81 mb 

0-58 

Mi /s 


Av. night time 

E-ionisation 

density 

0 52 

0-37x10— * J 

1-98 mb 

2-25 

unit 

December, 1949 

/°F a at 9 A M. 

0-02 

9* 1X10 1 

2-45 mb 

0-60 

Me/s 


Year and Ionospheric 

month parameter 


Coefficient Probability 
of corrc- of occurrence 
lation by chance 


t 

•S 


September, /949 

Fig. 6(b) 

Illustrating correlation between the day to day variations of sui face 
pressure and critical frequency of the Fa-layer for September, 1949. 

CONCLUDING REMARKS 
The results of observation and statistical analysis described in the preceding 
action show that in some months, at least, of a year the changes in the ionization 
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value for a given hour of the day (in course of the month), have strong correlati, 
with pressure changes at the ground at the same hour. Further, for the sau 
months, the variations of the average day time and night time ionization densitu 
of the E-region, show good correlation with pressure variation in course of the 
month at a particular hour. These results are in conformity with those obtain. I 
bv Marty 11 and Pulley (1<>3(>). We shall not attempt at any explanation of ii 
correlation obtained by us, hut shall only mention two suggestions th,t 
have been made regarding the modes by which effects of tropospheric pressuir 
variations may he communicated to the ionospheric regions. 

One of the suggestions is that the ionospheric variations are caused la- 
variations in the ozone content in the ionospheric regions, it being well known 
that the ozone content of the o/onosphere is inversely correlated with the 
pressure variations at the ground. It is suggested that since atmospheric ozone, 
due to its strong absorption, acts as a solar heat reservoir, the variations of the 



Illustrating correlation between the day to day variations of surface 
pressure ;ind critical frequency of tlu* l 7 -.- layer for December, 1949. 


ozone content will produce temperature variations in the ionospheric regions 
followed by corresponding variation of ionization density. This explanation may 
possibly he valid for the E-region, hut is difficult to he accepted for the tVregiop. 
This is because, on account of the high temperature in this region, any ozone that 
might find its way there will he speedily dissociated. It has also been suggested 
(Hannon, ct al , 1940) that the content of water vapour may be modified by tlv' 
ozone content and that the effect of such changes of water vapour content ma\ 
ultimately reach the ionospheric region. Simple considerations show, howevei 
that the time required for water vapour to reach the upper F-region by diffusion 
is prohibitive. 
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The other suggestion, due to Kidson (1950), is as follows: It is ordinarily 
lievcd that the effects of circulation* in the troposphere due to solar heating 
,.,nnot reach the upper regions of the atmosphere due to the stratosphere acting 
i, a harrier. Any circulatory motion in tin* high regiou of Iho atmosphere is, 
meretore, supjioscd to he caused by heat absorption in the upper region itself, 
i, has to he rememhered, however, that the wavelengths of these lirculations 
being of the order of 1 (K) km arc also ol the same order as the thickness of the 
aratosphere. As such, according to the wave theory, the stratosphere ma\ not 
.n't as a perfect harrier to the effects ol tropospheric circulations reaching the 
Inch ionospheric regions. A connection between disturbances in the troposphere 
with those in the ionosphere can thus be established. 

1 he two explanations described above regarding the intriguing phenomenon 
ol associations between tropospheric and ionospheric changes, no doubt merit 
i .ireful consideration. But, they are still to be regarded as more or less 
tentative. In order that they may he fruitfully developed, it is first necessary to 
(stablish unambiguously, by systematic and long continued observations, in 
different parts of the world, the types of association that actually do exist between 
changes in surface pressure on the one hand and the ionospheric parameters on 
i he other. 
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RELATIVE CROSS-SECTIONS OF (n, p) REACTIONS 

IN SULPHUR 32 AND PHOSPHORUS 31 
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( h' revived j<»' publication, February 20, J953) 

ABSTRACT. Last neutrons from a 100 milligram (Ra a -f He) source have been usol 
,o produce <u, p) reactions in S' 2 and I’* 1 . Tlic radioactive end products of the reactions 
|oj days) ill the case of S* an«1 Si'" (!T~170 min.) in the case of P*‘ f serve .e- 

indicators of the reactions. Hy Hie principle of ‘threshold detector’, the initial radioactivity 
of the end product in each case is a measure of the average cross section of the (n, p)-rej. 
tion ovei a narrow hand of neutron-energy between the threshold of the reaction and the upper 
limit of tin' effective neutron-energy for capture. The saturation conditions of irradiation and 
measurement aie found out by elaborate preliminary experiments. The initial activity, 
meastued in this way by a G.M. counter under fixed geometry, comes out to lie 3b7 counts pn 
> mlIIS for S'* and 240 counls/2 mins, for 1’". Various corrections for chemical or isotopn 
composition of the sample, self absorption of/3 rays, non- saturation of aclivity etc. are applied 
The ratio of i el.it ive cioss sections of (n, p) reaction for S' 12 to i ,: " is finally obtained as 
with a probable error of about -j- 10;.,. This agrees reasonably well with the ratio 
obtained by Cohen with much higher energy of last neutrons. Importance of works on these 
lines for the interpretation of high energy excitation states of nuclei is discussed. 


INTR O D U C T 1 O N 
Nuclear reactions with just neutrons ; 

Iti tinier to explore the structure of nuclear energy levels in the region oi 
excitation energies higher than 8 Mev, recourse has to he taken primarily in 
reactions with fast neutrons. The position here is, however, somewhat mote 
complicated than in the reactions with slow neutrons. In the fast neutron 
reactions, the resonance capture of the neutrons, so common with the capture 
of slow neutrons in heavy nuclei, is comparatively rare due to the over-lapping 
of the highly excited states of the compound nucleus. The cross section ol 
fast neutron reactions, therefore, would he small. Hut here there are chance*' 
of sufficient excitation energy being available to the nucleus for the emission ol 
a second particle after the first particle has been emitted ; more than one excited 
state of the compound nucleus and more than one state of the residual nucleus 
are likely to contribute to the reaction yield. Thereby the cross section of the 
neutron reactions may he sometimes considerably enhanced. The study of thi- 
reaction is also facilitated in favourable cases if the residual nucleus is radio 
active. 

On account of the strong short range forces existing between the constituen 1 
particles of a nucleus, it can lie treated as a condensed phase of its constituents 
As in a liquid drop, or in a solid lxidy, an excited state of such a nucleus formed 
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; the absorption of an incident particle cannot be far removed from its original 
i >und slate, yet it may possess an excitation energy large enough for the subse- 
<1 .nt emission of a single particle. The compound nucleus thus formed has there- 
f \r a fairly long life and is a distinct intermediate stage in the nuclear reaction, 
p. state and decay are independent of the initial process of its formation. This 
future will, however, be strictly true when a single quantum state of the compound 
i . clci is has been formed. When a fast incident particle is absorbed in the nucleus, 
superposition of several stationary states of a highly excited compound nucleus 
may result ; the course of the nuclear process ma\ then depend strongly on the 
i dative phases of the states and may not l»e independent of the initial process 
ot excitation. Bohr’s method of calculation may not be strictly applicable in 
yach a case. If, however, the density of states of the compound nucleus is very 
IijVIi, so that their widths overlap each other strongly, a great many states can 
he excited simultaneously by the incident particle. This phase relation of the 
states may be nearly at random and the resulting process again almost 
independent of the wav of excitation. In such a case classical considerations may 
again lie justified. Indeed, a statistical method assuming the existence of 
average values of certain magnitudes over states within not too wide interval 
of excitation-energy may then be applied. Weisskopf (10 17) has shown that 
within the limits of validity of t lie statistical considerations discussed above, the 
cross section of a non-resonance process (a, b ) produced by the fast particles can 
In* taken to be of the form : 

cr(a, b) ~ <r 0 r)h ; 77J. = TV A ( 1 ) 

where o- a is the cross section for the formation of the compound nucleus by the 
capature of the particle a and 7 ^ is the relative probability for the emission of 
the particle b from the compound nucleus. The quantity rju is the ratio of the 
ruerage (over all energy states) partial width r h for the emission of h, to the 
average total width A for all kinds of particles. Based on the above model, 
Weisskopf has given the method of calculating the approximate cross sections of 
fast neutron reactions like (n, p) (n, n), ( 11 , 2n) ( n,a ) etc. Confining our discus- 
sions to reactions with high energy neutrons alone as the incident particle, it is 
clear that 

<7a=»CTb£}:77T 2 (2) 

where r is the nuclear radius. The process which may now result after the 
disintegration of the compound nucleus can he reactions of the type ( 11 , p), (n, n), 
( 0 , 2n), (n, y) and (n,a), which are likely to complete with each other in 
accordance with the relative probabilities of these processes. 

The ( 11 , p) reactions are endothermic in character .and can take place only 
v ‘hh fast neutrons. They are generally less probable than the (n, n) reactions 
Wause of the potential barrier preventing the proton from escaping from the 
nucleus as easily as the neutron. They would predominantly proceed through 
closely lying energy states of high excitation energy and their cross section would 
be of measureable value only if neutron energies of several Mev above the threshold 
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energy of the reaction are employed, since the outgoing proton would need thr* 
much of energy to penetrate the potential barrier. Tf the incident ncutro 
energy- surplus over the threshold is large compared to the nuclear temperatup 
T, then the processes like fn, 2n) should he the dominant feature and tl. 
cross section for the fn, 2n) reaction would nearly be equal to <r n . The (n, «) 
reactions have an extremely small cross section in the heavy nuclei and V 
general their values will be smaller than those for the fn, p) reactions because «.( 
the higher potential barrier for the outgoing a-particle. Further, the simple 
capture of the neutrons leading to radiative processes like fn, y ) should al 
possess very small cross section at neutron energies exceeding 1 Mev, wher< 
the cross section rr(n, n) for inelastic scattering of neutrons hecomes considcrahk 
The small chance of occurrence of the fn,a) and fn, y) reactions with fa 
neutrons in medium heavy nuclei can, therefore, he almost left out of account 
in the range of neutron energies in which the fn. p) reaction has generally a 
large cross section. The fn, 2n) reaction also does not compete seriouslv with 
the ( ii, p) reaction, when the energy of the neutrons employed is not more Ilian 
a few A frv above the threshold energy of the fn, p) reaction. 

Fxperiments have been performed by Jensen fl944), Dunlop and T iltk* 
fl041V Cohen f 1 05 1 A and others whose results can hr used to verify tin 
conclusions of WeisskopPs theory and to obtain approximate data on the 
structure of tbe energy levels in the high energy regions in some nuclei. Tin 1 
investigations arc still in the initial stages. Tn most of these works, however, 
high energy neutrons produced bv cyclotron-accelerated deuterons have been 
used. Although neutrons of more or less controlled energy can he produced b\ 
this method, the upper limit of the neutron energy spectrum generally obtaine*! 
in this way is quite high f vide Cohen. 1951, figure IV Consequently the fn, p'i 
reactions produced by these neutrons are very often complicated bv other tvpcs 
of reactions like fn, 2nV fn, a )< fn, n) etc., taking place simultaneously. AW 
propose, therefore, to use the fast neutrons from a 100 mgm fRaa-f-Bc) neutron 
source available in this laboratory to study some fn,p) reactions with fast 
neutrons. The upper limit of the neutron energy spectrum from such a source 
is about 11 Mev f Toucher, 1949) and the spectrum has a flat maximum over 
the range about 2 to 4.5 Mev. With these average energies of the fast neutrons, 
reaction types fn, 2n), fn,a) etc., are not likely to occur with any appreciable 
intensities, whereas, the fn, p) reactions are expected to he the predominant 
feature in the medium heavy nuclei, for which the fn, p) reaction threshold 
general! v lies between 1 and 2.5 Mev. The average cross section of fn. p) 
reactions in these nuclei could therefore he studied with comparatively simple 
technique, as explained below, when a fairly strong fRaa-f-Bc) neutron source 
was employed. 

METHOD OF THRESHOLD DETECTORS 

In the cases where the fn, p) reactions in the nuclei lead to radioactive 
bodies, the relative cross section of the process can be determined by the method 
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,r threshold detectors. For this a target material is chosen which becomes 
i,.. inactive on absorbing neutrons of energies above a certain threshold value 
v and subsequently emits a y- quantum, a proton or an a-particle. It is 
{important that the target nuclei are given an equilibrium exposure to the 
ii< ntron source.. If the neutrons from the source possess the proper threshold 
energy Et and a wide spectrum extending up to the maximum energy Fm 
{lit n assuming that there is no discontinuity in the capture cross section for 
activation in this region, the total initial activity produced can he written as 

I Em 

no. o(E). F(E). dE 
E t 

where n 0 is the number of nuclei of the species to be activated by the neutrons 
in (lie target ; a{E)^a (n, p) denotes the cross section of the (n, p) 
reaction for the neutrons of energy E, to which the activity A is due, 
is the neutron flux in the energy range E and E-\-dE . The 
'I he average cross section of the (n, p) reaction between Et and Em 
can thus be estimated by measuring the saturation activity A of the detector, 
it the flux E(E) and the fast neutron energy spectrum of the source are known; 
h'\ can lie determined from the energy balance of the (n, ]>) reaction under 
(jiieslion, Tf, however, the neutron flux and the energy spectrum of the source 
are not absolutely known but remain constant, then careful measurements of 
Ihc initial saturation activity of several detectors under strictly comparable 
geometrical conditions are expected to give relative cross sections of the (n, p) 
reactions in the detector nuclei. Such studies of the variation of o- (n,p) from 
element to element is expected to give useful information about the density of 
energy levels in the region of high excitation energy for these elements. 

EXPERIMENTAL DETAILS 

Samples of active material were placed as coaxial cylinders just outside 
a# -ray G. M. counter (0.1 mm. thick copper wall). Pure reprecipitated 
flower of sulphur was exposed to neutrons from the 100 mgm (Raa-f-B?) source, 
filtered through about 1 mm of cadmium. For phosphorus, ammonium-dihydrogen- 
phosphate was used. Identical geometry of irradiation to the neutron source was 
employed throughout. Radio-active 15P 32 of mean half-life 14.2 days was 
obtained by the (n, p) reaction in n iS 32 and likewise H Si 31 of half-life 170 min. 
was obtained from 05 P 31 . In both the cases the threshold energy of the (n, p) 
reaction was about 1 Mev. In the case of P 31 , an additional short period 
activity seems to have developed (vide figure 2), apparently due to P 80 produced 
W the (n, 2n) reaction. 

For quantitative comparison of cross sections, measurements should be 
made such that (1) saturation mass of the substance to be activated is exposed 
t ) the neutron-source, for saturation period; if possible, (2) saturation thickness of 
the well-mixed active substance should be examined for initial activity. 

4 
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Condition (1) will ensure that even the fastest neutrons from the source rnw 
acquire the appropriate mean free path of collision in passing through the samph- 
nuclei. Condition (2) will ensure that maximum possible number of jS-ra\> 
from the active layer is reaching the counter. These saturation conditions ha.< 
been discussed by Jensen (1944). Prolonged and painstaking investigations wen- 
made in order to determine these saturation conditions and from the result 
obtained it was finally decided to expose 407 gm of sulphur and 494 gm of the 
phosphate to the fast neutron source for final measurement. 

The investigation of the saturation thickness of the active layers foi 
measurement of the saturation activity was carried out with the activated 
saturation mass of the substance which was thoroughly mixed up to obtain the 
average effect. Thin cells of the active powder were then prepared in very thin 
paper cylinders supported by wide-meshed wire net inside and transparent 
alkathene cylinder outside. A saturation thickness of 0.6 gm/cmr for sulphur 
and 0.35 gm/cnr for the phosphate were obtained. 

For the final measurement of the initial activity produced by the (n,]>) 
reactions in sulphur a permanent cell was constructed with thin paper and wire 
gauge cylinder hacking inside and a strong coaxial cylinder of brass outside. The 
inner cylinder was 4.25 cm in diameter and the well mixed activated sulphur 
was closely packed into a layer 8.9 cm high and 1.04 cm thick to give the 

required saturation layer of density 0.6 gm/cnv\ The mass of this active layer was 
90 gm. To measure the activity of this cell, the /?-ray counter mentioned above 
was used under strictly reproducible geometry with 10 cm of lead shielding all 
around. The decay of the sample was followed regularly for 31 days. The semi- 
logarithmic plot of the nett activity is shown in figure 1, which clearly gives a 
half-life of 14.2 days. 



The decay curve of radio phosphorus P 82 produced by the (n, p) -reaction in S 83 . 

Similar observations were made for a saturation mass of the activated 
phosphate (irradiated for 39 hrs to fast neutrons) and taken in the form of a 
shell similar to that of sulphur. The thickness of the shell was 0.26 cm an<l 
its weight was 42 gm, in order to give the saturation thickness of 0.35 gm/enf. 
The activity of the shell was followed for hours. The average of three such 
sets of observations is shown as logarithmic plot in figure 2. The half-life 
of the activity is clearly 170 min. 
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The decay curve of radio silicon Si.* 1 produced by the (n, p) -reaction in P 31 . The 
points near the beginning lie somewhat above the line and probably indicate the 
presence of a short period activity (P rtn ^2*5 min) produced by the (n, 2n) reaction 

in P ai . 

CORRECTIONS APPLIED 

The initial activities obtained by extrapolating curves (1) and (2) to 
zero time are 36 7 counts per two min for sulphur and 240 counts per two min for 
the phosphate. The following corrections were applied to these values : 

(a) A conversion factor of 1.05 to convert sulphur to the pure isotope S 32 , 
there being 4.2% of S ;u in the sample tested. Similarly a factor of 3.625 is 
necessary to convert the phosphate to the pure element. 

(h) Since quite thick layers of the active substances were used for our 
measurements, the correction for self-absorption of /8-rays in the layers is essential, 
but correction for back scattering of /3-ravs bv the sample holder can he neglected 
{ vide Metzer, Alder and Huber, 1948) . The correction factors of 23% for 
sulphur and 18%for the phosphate were obtained by using the method given by 
the above authors. Almost identical results were obtained by another method 
suggested by Cohen (1951). 

(r) In the case of sulphur, the half-life of activity being 14.2 days, the 
saturation activity was not attained by irradiating it for 94 hours, as we did. 
The correction factor on this account was calculated to be 5.7. The phosphate 
sample was always irradiated for saturation time and hence no correction was 
necessary for it on this account. 


RESULT 

The corrected initial activity (which is proportional to the cross section of 
the (n, p)-reaction) for sulphur S 32 therefore becomes : 

367 counts 1*05 x5’7 

2x60 sec. 0 23 
For phosphorus P 31 : 

240 counts 3*625 
2x60 sec. 6*18 
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The ratio of the two cross sections 

a(n,p)S 32 2 

a(n, p)P 31 

The overall probable error of this determination is ±10 to 15%. 

REMARKS 

The relative cross section for sulphur comes out to be about twice that i r 
phosphorus. This result agrees within the limits of experimental error, wiih 
the (n, p) reaction cross section observed by Cohen (1951) who obtain* <1 
28.5 X 10~ 26 cm 2 for S 32 and 12.0 X 10 20 cm 2 for P 3A , which give a ratio 2.37. 
Fast neutrons of energy ranging upto ^18 Mcv were used for the reaction by 
Cohen. This energy limit being higher than the maximum neutron encrg\ 
(~11 Mev, Teucher, 1949) from a (Raa-f-Be) source used by us, there iru\ 
be difference in the state of excitation of the nuclei in the two cases leading t., 
difference in the reaction cross setions. Metzger, Alder and Huber (1948) have 
observed a resonance effect in the excitation function of the reaction P 31 (n t p'j 
Si :n , the cross section slowly increasing linearly between the neutron energies 
2.3 and 3 Mev, and reaching the maximum value of 7.4XlO“ ,2H mf 
at 3 Mev. Thereafter the cross section begins to fall at high neutron-energies. 
For S some results of the* total capture cross section as a function of neutron 
energy have been given by Adair (1950) and others. According to these 
authors a large number of resonance peaks exists for neutron capture in S 22 between 
0.1 and 4 Mev neutron energies, a region in which the (Raa+He) neutron 
spectrum is particularly rich. The cross section for (n,p) reaction in S 32 i> 
therefore likely to be higher than in P 31 . Further work on the absolute 
measurement of these cross sections would he necessary to clarify the position 
Measurements of the absolute cross section of the (n, p) reaction in one of the 
nuclei and the relative cross section for a number of other cases are in progress 
General considerations regarding the density and structure of the nuclear energs 
levels in the region of high excitation energy can probably be attempted in the 
light of the theory (vide Weisskopf, 1947) when these measurements arc 
completed. 
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electronic spectra of molecules containing 

SIX AND FIVE MEMBERED RINGS. 

CALCULATION OF ENERGY LEVELS 
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( Received for publication , October 23, 1952) 

ABSTRACT. Using atomic orbital method the region of absorption of the indenc molecule 
luts been predicted at A 3228 which agrees fairly with the experimental value at A 2952. 

There are two independent methods of approach for the calculation of the 
ground and excited energy levels of jiolyatoniic molecules — the valence bond or 
i he atomic orbital method and the method of molecular orbitals (usually called 
the AO and MO methods). Both the methods give molecular ground states which 
art* in satisfactory agreement with each other. The calculation of excited states 
b, however, more tentative. In recent investigations the two theoretical methods 
have been much improved by taking ionic structures into consideration in the 
atomic orbital method and antisymmetrization of molecular orbitals in the 
molecular orbital method. These improved methods have yielded better values 
which are in closer agreement with the experiment, within the limits of the 
ap] >roximations involved. 

Sklar (1937) employed the AO method in the calculation of energy levels of 
benzene, fulvene and azulenc. Without utilising the optical data of those molecules 
lie could predict the longer wavelength region of absorption. There was slight 
disagreement in the values for absorption near 2fXX) A°. The calculated wave- 
lengths are too short. In the case of benzene the predicted region of absorption 
was at 1400 A 0 but the experimentally observed absorption region is at 2000 A°. 
C alculations taking ionic structures into consideration, carried out by Craig (1949) 
have removed these descripancies. Similar calculations were made in the case of 
naphthalene at first taking sixteen canonical structures which preserve the shape 
uf the molecule and later taking all the 42 possible canonical structures to make 
the calculations more rigorous. 

The molecular orbital method in its improved form was first applied in the 
calculations of energy levels of benzene by Sklar and Goppert Meyer (1938) for 
predicting the region of absorption and the determination of the relative intensities 
<<f benzene and its derivatives. Coulson and others (1948) have extended those 
calculations for naphthalene and higher hydrocarbons. Similar calculations were 
carried out in case of the diphenyl molecule, which lielongs to a different series 
of molecules, by London (1945). 

In the present paper the energy levels of fused five and six menibered rings 
represented by molecules of the type of indene have been calculated by means of 
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the AO method as employed by Sklar. The actual state of any molecule Cun 
only be visualised as being represented by a set of structures which independent u 
do not represent the actual state of molecule but only extreme states. It can U* 
shown by quantum mechanics that the number of such independent (canonical) 
structures is given by 



where n is the number of non-localized electrons. 

Thus for benzene there are five canonical structures two of them being Kekule 
and three being Dewar ones. In the case of naphthalene which possesses ten non- 
localized electrons, the number of structures which contribute to the final state 
of <the molecule is 42. In the case of anthracene which has 14 non-bonding 
electrons, the number of canonical structures is as large as 429. Sklar explained 
that the absorption bands are due to transitions between levels which arise from 
the resonance between the states corresponding to the various canonical structures 
As the structure of the molecule becomes more and more complicated one has to 
resort to several approximations. Since the electronic transitions are dependent 
on the resonance between double bonds in complicated molecules the problems in 
aromatic systems can he simplified without much loss of accuracy by neglecting 
all electrons excepting those forming n bonds. Justification for doing such a 
simplification is that n wave functions have a node in the plane of the ring so that 
the overlapping between them and the function for an electron forming a bond in the 
plane is very small. 

The number of canonical structures that should be taken into account for the 
calculation of the energy levels of indene molecule is 14. Of these, the number 
which preserve the shape of the molecule is seven; these are given below : 


CHa CHa CHa CH* 

CD CP (IP SO 

A B C D 


in, 

CP 


CHa 

CP 

F 

Fig. 1 


CH fl 

ca 

G 


The true state of the molecule may be considered as a resonance hybrid of the 
above seven structures (A to G). The carbon atom of CH 2 group in the five 
membered ring is connected to two carbon atoms and two hydrogen atoms by 4 
a bonds, because the bond formed from an electron of one atom and p electron <>f 
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iher atom is a a bond. As only n electrons are considered, the problem may 
]„• regarded as an eight-electron one, which is intermediate between knzene (6 
el, .-Irons) and naphthalene (10 electrons). 

The general method for the determination of energy levels is to set up and 
M -,;ve the secular equation as given below 

- A lm E I— 0 

where H,K1 = | fo Wm dr and A la , 'lnhidr 

where fL and ^ are the eigenfunctions of structures L and M and II being the 
Hamiltonian excluding electrons. 

Him ’s can be calculated with the help of the following equation. 

" w - i [«* ' i {«(■}■) 

where x = the number of islands formed by the superposition of structure L 
over M. 

y = the number of bonds. 

O =r coloumbic integral 

S.J (a/p) — sum of single exchange integrals between electrons in the same 
island with opposite spins. 

IJ (a/3) = sum of single exchange integrals between electrons in the same 
island with same spin. 

Hv an island is meant a set of electrons so related that the spin of one fixes the 
'■pins of all others. At*. / ’s can be readily calculated by observing that it is equal 
to the coefficient of Q in II lm 's. 

In case of indene molecule the number of islands that are formed by super- 
posing one canonical structure over another are given below ; 

A B C D E F G 

A 4233332 
£ 2 4 3 3 3 1 2 

C3342223 
D 3 3 2 4 2 2 1 

E 3 3 2 2 4 2 1 

F 3 1 2 2 2 4 3 

(72231134 

The islands themselves are shown below in the usual notation (i.e., the 
electrons with spin a are given in the numerator and those with spin ft in the 
d' nominator in one island and closed by a bracket). The n electrons in the ring 
ar e denoted by letters ‘a i’ as shown below. 
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, JL . CH 2 

frV 








Fig. 2 



Islands 



A.A. 

(a/b) (c/d) (c/f) ( h/i ) 

C.D. 

(ace/dbl) (h/i) 

A.R. 

(acc/hdj) (h/i) 

C.E. 

(ace/dbf) (h/i) 

A.C. 

(ac/hd) (c/f) (h/i) 

C.F. 

(ac/bd) (ch/fi) 

A.D . 

(ae/bf) (c/d) (h/i) 

C.G. 

(a/d) (b/c) (ch/fi) 


(a/b) (cc/fd) (h/i) 

D.D. 

(a/f) (b/c) (c/d) (h/i) 

/f.(7. 

(ac/hd) (ch/fi) 

D.F. 

(ace/fdb) (h/i) 

n.n. 

(a/f) (b/c) (d/e) (h/i) 

D.F. 

(ahe/fib) (c/d) 

H.C. 

(ac/fd) (b/c) ( h/i) 

D.G. 

(abec/fe bd) 

n.n. 

(a/f) (bd/cc) (h/i) 

E.E. 

(a/b) (c/f) (d/c) (h/i) 

n.n. 

(ac/bf) ( d/c ) (h/i) 

F.F. 

(a/b) (che/fid) 

n.F . 

(acch/hdif) 

E.G. 

(ache/bfid) 

R.G. 

(ach/dif) (b/c) 

F.F. 

(a/b) (c/d) (c/i) (f/h) 

cc. 

(a/d) (b/c) (c/I) (h/i) 

F.G. 

(ac/bd) (c/i) (h/f) 



(7.(7. 

(a/d) (b/c) (c/i) (f/h) 


Tn this connection it must he remembered that the number of islands obtained 


by superposing structure L over M is equal to the number obtained by doing the 


converse. 


Taking only the single exchange integrals between electrons on adjacent 
carbon atoms into consideration and treating all other single exchange integral' 
and multiple exchange integrals, as equal to zero the following values for H cm * 
are obtained. 


■ti aa =0 + 5*/2 
ir AB ~ Q / 4 + 7 </4 

h ac = 0/2 + 2 < 

Had — 0/2 4- 2 K 
Hae = Q/2 + 2< 

H A f = 0/ 2 + 5</4 i 
Hag = 0/4 + «t 
- H B b = Q -f 5 < /2 
«bc = Q /2 + 2 « 

Hbd = Q/2 + 2* 

Hue - Q/2 + 2< 

Hbf - Q/ 8+7X/8 


Hbg = Q/ 4+< 

- Hec = Q 4 . < 

«cd = 0/4 -f 7</4 
Hbf = 0 / 4 +«t 
Hbg — 0/8 4 * 7 * c /8 
■ h ee = 0 +< 

Hef = 0/4 4 < 

Heg = 0/8 4- 7«C/8 
Hff = Q—</2 
Hfg = Q/2 4-</2 
h gg = 0-2 < 


Putting Q-E — x the secular determinant* is 


x 4-5®C /2 .v/4+7 °C /4 .r/2+2 X. x/24-2«t x/24-2«t jr/2-f-S /4 .r/4-(- < 

.r/4+7<</4 ,r+5</2 ,v/2+2< ,r/2+2< x/2+2< x/8+7 °< /8 x/4+« 

.r/2+2* .r/2+2«t .v +* .r/4-f7*/4 .r/4-f 7°< /4 x/4+« .r/2-f«/2 

x/2+2< ,r/2+2=t ,r/44-7</4 x +< x/4+7</4 x/4+»C x/8+7*/8 ! -0 

*/2+2< .r/2+2< x/4+7«/4 .r/4+7</4 * +* x/4+«t x/8+7</8 

x/2+S=(/4 x/24-7 << /8 x/44-« x/4+=t */44- <t x -< /2 x/24-«t/2 

x/44-t x/4+< X/2+X/2 x/8+7<t/8 x/84-7</8 x/2+</2 x-2< I 


* The method of solving the determinant is given in the Appendix at the end of the par er. 
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lo solve tins determinant tlie value of a is taken ns - 1.92 e.v. unci substituted 
f. .. a in the above and the roots are determined. They are -103.75, -6.33 
4-1 l, ) — Or f>9f, 1.53 — |— 0.69/., 1.53 0.60/. 

R ejecting tlie complex roots the energy values obtained are O 1 103.75, 

m i.<>2, () 1 6.33, () 1.92. 

The only distinct element of symmetrv of this molecule is molecular plane, 
ll belongs to the point group C» and has tlie following character table. 


Cs 

I- 

<v- | 

i 


th 

A' 

4-1 

+1 


34 

. 1" 

+1 



17 

Ur 

17 

1 

17 

| 


hN'P 

51 

17 




As there are 1 wo states only one band m stem can be observed. 'The energy 
value of this band s\stem can be predicted by considering the differences in 
energies between levels represented bv O 1.02 (ground level) and the rest, 
hmu tin* foregoing calculations, an electronic transition from the ground level 
to the excited level O H .92 gives an energy difference of 3.84 electron volts, 
winch corresponds to an absorption at A 3228 A n . The experimentally observed 
absorption region is at A 2* >52. 'The discrepancy may not be considered as large 
comparing similar values for benzene obtained by the simple A< > method. 'I he 
calculated and observed absorption regions determined in case of benzene by 
MJar are at A 2470 and A 2590 respectively. 


A P 1* K N 1) I X 


'1 he 

secular equation 

to be solved 

is 




2a 

2b 

( 

( 

( 

a 

! 

2b 

2a 

c 

{ 

c 

b 

rl ! 

c 

c 

i 

2c 

2b 

2b 

it 

c 

— o 

i 

2b 

2c 

2b 

d 

b 

i 

c 

2b 

2b 

■» , 

— i 

d 

b 


a 

b 

d 

d 

d 

f 

c 


d 

d 

c 

b 

b 

c 

0 


wbeic a 

x 5a , 

-■2 U/ 

A . 7.. . 
8 1 »•' 

- 1 


. a > f ... v 
2 

+ r> 


/ - v 

a r g — x 

- 2c 





A 

2' 





1 is the 

unknown. 

a — - 1.92. 





To simplify the left hand side determinant 

subtract the 2nd row from 

the 1st row 

:1k- -Ith 

row from the 

3rd, and the 

5th row from the 4th, 

getting 



2(a-b ) 2(b-a) 

0 

0 

0 a - b 

0 

| 


2b 2a 

c 


c b 

d 

| 

| 

0 0 

2(c-b ) 

2(b-c) 

0 0 

< b 



0 0 

0 

2 ( c- h ) 

2(b-c ) 0 

0 

] 


c c 

2b 

2b 

2c d 

b 

j 


a b 

d 

d 

d f 

c 

i 


d d 

e 

h 

b c 

ft 

i 


5 
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Now subtracting the 4th column from the 3rd column and the 5th column fr. ,i 
the 4th column, this becomes 


2(a~b) 

2 (/hi) 

0 

0 

0 

a-b 

0 


2b 

2a 

0 

0 

c 

b 

d 


0 

0 

4 (r-b) 

2(b-c) 

0 

0 

c-b 


0 

0 

2(b~c) 

4 (e-b) 

2(b-e) 

0 

0 


c 

c 

0 

2 ib-e) 

2c 

d 

b 


a 

b 

0 

0 

d 

f 

e 


d 

d 

c~b 

0 

b 

c 

g i 


-z-(a-b) ( c-b ) 2(b- 

C) 2 

2 

0 

0 0 

1 

0 



2b 

2d 

0 

0 c 

b 

d 



0 

0 

4 

-2 0 

0 

1 



0 

0 

1 

-2 1 

0 

0 



c 

c 

0 

2 (h-c) 2c 

d 

b 



a 

b 

0 

0 d 

f 

c 



d 

d 

c — h 

0 b 

c 

g 


K(|itating this to 

zero we 

at 

once a- < 

b — 0, c-b = 

~ 0, 2 (b+c) = 

0 giving ib 

the roots x - - 

-a, * — 

x 

= +a (a 

being 1.92). 

The 

remaning 

j part of the 


equation is then 


2 2 

0 

0 0 1 

0 i 

2b 2a 

0 

Or/' 

d j 

0 0 

4 

-2 0 0 

1 1 

0 0 

1 

-2 1 0 

o : - o 

c c 

0 

2 (h-c) 2c d 

b 

a b 

0 

0 d f 

c 

j j 

, U 

n /. 

n 

Substituting for a, b, 
on putting ck_ — 1 .92 

c, d, c, j, g, expanding and clearing fractions this becomes 

.v 4 + 107.03 

.r* 

+ 329.19 x~ ~ 1 102.89 x 

4 4955.14 — 0 

A preliminary examination shows this has two 

negative and two complex roots 


This equation has been solved by the root squaring method of Whittaker an<l 
Robinson. The roots are 

■*103.75, '"6.33, 1.53 d:0.69i (to the second decimal place). 
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OBLIQUE PROPAGATION OF RADIO WAVES OVER 

A CURVED EARTH * 

By R. CHATTER JEE 

Institute of Radiophystcs, University Cot.lkm of Science, Calcutta 
( Received for publication , February 7, J95U 

ABSTRACT. Booker’s analysis of oblique propagation of radio waves through the ionosphere 
ever a flat earth, taking into considerations the effect of terrestrial magnetic field, has been 
c\ loaded to the case of the curved earth. This is done by introducing appropriate correction 
t.Rtms into the equations for the flat earth case to take account of the curvature effect. It 

ind that for the case of curved ionosphere, the value of x, (,rt= 4ire ~ N, where A r is the 

tfip * 

tun 1 /at ion density) is higher at the point of reflection in the deviating region. As a result of 
tins, the values of group retardation, lateral deviation and attenuation in the deviating region as 
Gilt ulated for the curved earth case, are higher than those for the flat earth. These values 
lot the curved earth arc found to agree better with experimental results 

1. INTRODUCTION 

Study of the modes of propagation of radio waves incidents obliquely on the 
ionospheric layers is of great practical importance, because, all long distance 
audio communications are carried out by such obliquely propagated waves. 
I’nfortunately, generalised mathematical treatment of oblique propagation, taking 
inlo account the effects of both the curvature of the ionospheric layers and of 
the terrestrial magnetic field, is too involved and laborious to he of much practical 
use. All workers in this field have, therefore, treated simplified cases by 
neglecting the one or the other effect. For example, Appleton and Bevnon ( 1940) 
in their analysis of ionospheric propagation over the curved earth have neglected 
the effect of the terrestrial magnetic field. Booker (1938) in his analysis, on 
die other hand, while considering the effect of the terrestrial magnetic field, 
simplified the treatment by neglecting the earth’s curvature. The same simplifi- 
cation has also been made by Gerson and Seaton (1948) in their extension of 
Booker's analysis, in which they took into considerations the polarization induced 
m the ionosphere considered as a dielectric. 

Consideration of the general case of oblique propagation problem is, however, 
important, not only on account of its practical value, hut also because it serves 
check how far the effects of neglecting the terrestrial curvature or the terres- 
^ial magnetic field lead to errors of significant importance. An attempt has 
been made in this paper to treat the oblique propagation problem by taking both 
die effects into account. I11 making this attempt it was soon found that the 
general analysis is not only long and laborious but also that the interpretation of 
tue results of such analysis would be difficult. As sucji it was thought advisable 
start with Booker’s method of analysis for the plane earth and to introduce 


* Communicated by Prof. S. K. Mitra. 
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•into it corrections in the appropriate stages to take into account the effect of he 
curvature of the ionospheric strata. 

It is to be remembered that Booker's analysis is based on the ray treatnu it, 
that is, on the so called “slowly varying” approximation. Such treatment 
applicable only to short and medium waves with which all practical im n . 
conununications are carried out. It is inapplicable to the cases of long and mw 
long waves for which wu\e treatment is necessary. Such wave treatment for i 4 V 
general case of oblique propagation is also wanting, though, some special ca rs 
have been studied, e.g. Wilkes (1940, YH7 ) and Stanley (1050) on vcrtu.il 
incidence and Heading and Whipple (1052) oil oblique incidence in present »* 
of a vertical magnetic field. 

2. WAV!*: PROPAGATION IN TilK IONOSPHERIC AT OBLIQUE INC I DEM I 

For simplifying the analysis and also for obtaining a clearer picture of the 
modes of oblique pro]>agation, we shall assume that the ionosphere consists of 



0 

Fk;. 1. 

Approximate ray path 7 A HZ for propagation through a curved ionosphere 
concentric with the curved earth, (not to the scale). 

A.^r Op rr distance trom the earth-centre of the point in the ionosphere 
wheie the propagation is being considered. 
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ricallv stratified layers of ionization concentric with the earth and the 
]. /ation density changes only along tin* radial direction. The results obtained 
u u this simplified analysis may be modified, as necessary, to take into coiisi- 
d> . uiotis the effects of tides, winds, etc. 

In figure 1, let T he the transmitter and Z the receiver, an<l let the radio 
1 ; 1 1 - ., 114 c he made by single hop ionospheiie relleclion Let the ra\ meet the bottom 
la.er of the ionos])here, making an angle / with the radial direction. The 
triangular co-ordinates are so chosen that tin* vertical direction is along 0 . 1 /, 
lx mg denoted 1>\ direction 3, and the horizontal plane contains the line .//» 
which is parallel to the chord / Z. Let tin* 2d plane he the pi, me of incidence, the 
dinrtion 2 lying along t/»* (figure 2 ). We can write the expressions for the 
I olari/.ation vector P and the electric intensity E of a •magneto-ionic component 
m the electromagnetic wave as 


P = a exp \iL {(l ill)] 

E b exp fi'X (ct id')] ) 




a lie re 


k - 


\ (A being the wave lenglh); <- 
A 

small path length / ~ time and i - 


velocity of light in vocuo : 
l ~ 1 


I 1 - a 



Fin. 2 id) 

Illustrating components of the propagation vector ( ) and the mode of 

propagation at any point p in the ionosphere, (not to the scale). 
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\ 


Ki«. 2(b) 


Co-ordinate axes as chosen in the* analysis. 8 is the angle of 
magnetic dip and 0 is the angle between the magnetic 
meridian plane and the plane of incidence 


Considering propagation at any point p in the ionized region, where the 
direction of propagation makes an angle 0 with the radius vector i.c. an angle 
(0 - 0 ) with the vertical direction (figure 1), an elementary length of path can 
he resolved into its components along the directions 2 and 3 (figure 2) as follows : 

^0 / _ /x 0 f ' 2 sin OA-'*) -+*3 cos (0—0)J=.r 3 ju^ cos (0—0) -M* sin0 cos 0 


- *+ 


cos 0 sin 0\ 


(where, x 2 and x d denote distances along the directions 2 and 3, and 0= /_poM 
in figure 1). 


Now cos (0—0) is the component of in the vertical direction and can be 

denoted by q (5). Also, as 0 is small and 0 is large, the product 

cos 0 sin 0< < sin 0 cos 0 
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Therefore, 

,t 0 1=9* a+(fty sin 0 cos 0) ** = ?VK sin *'o (• \r,)* 


w i„ re v is the correction factor clue to curvature of the earth 
T. as equation (1) becomes : 

P -a exp [»A {ct-qx 3 -,v 2 sin (1 T ■>?)}] 

exp fit {d—qx 3 ■ x l sin »„ (1 ) r,))] 


Imi.iii Maxwell’s equations 

Curl H-= - (EH 4*P) 1 

I the dots representing derivatives 

Curl E=^ HI With res,K ' ct ti,nc - 

trom which V 2 E -grad div E *, (E |-4 n P)_0 


Substituting the values of P and E, as given by Eq. (2), to the above 
equation, the components along the three cartesian co-ordinates become 

MI -* , (1+!j) , -**1+4*/> J -0 \ 

(1 - 7 *)/f l +,(l+,) qR^-UP^O - ... (3) 

■S’(l + ,) q E 2 -\ [1 ,V 2 (1 I r,) 2 | E. y \AnP 3 0 J 

| where 5= sin i n and ;= cos *J 
From these. 


E r - 


inP, 


1 


c/ 2 -c 2 | 2 V S*+Sbf 

/,; _ 4 n p 2 l2rfS*+vfS*-c*] I (4) 

2 c 2 -q*-2rjS* yfS 2 V 1 

3 c 2 — q 2 - 2r)S 2 - 7 f S 2 J 

Neglecting the effect of the magnetic field on the incident wave, as it is very small 
compared to the steady terrestrial magnetic field, the relation between P and E 
is given by 

. / \r -2 \ / - \ 

... (5) 




l where H 0 is the terrestrial magnetic field vector). 
1 ‘iviiig for E 

E=4ir |> 0 +» P p] 


Substituting from (2) and 


... ( 6 ) 


•From Snells law in spherically stratified layers (referring to figure 1). 
Rp^, sin ili—R 0 sin i„ and cos 0=^- 
R h 

sin ip cos 0“ sin i u = sin i a (H V) 

or J 

or »/= - % 

R. 


... 1(a) 
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where, 

ft - - " , P- - Y- ^ 

•v P 


?nfj 


* N . u - ! i c ; z~ vfp. 


taking, 


v — cnllisional frequence .V electron density. ,!' — wave frequency and 

47T 


tl 11 gyrofrequcncy. 

4.77 

On equating the components of (f>) and (3) 


! — (j l 2 7] V 2 ? y 2 .V‘ 


/\ i 'P:)/''. - inJ'y-V 


'1 -v) 


■ n , { . r* - 2tj.s 2 -- yfS 2 \ , / .S ' 7 (1 -[ 

'/V|| 27/.V- /AS- y 2 V c 2 -V a 2 t/V s t/ 2 ^ 2 

l- (/ 2 

r 2 f/~ 2 >i S’ 2 


'V’^i f ( 'Pi ,« Y * / 2./.S' 2 - t, 2 S 2 ) /J - l_ ( 1 , 2 


)/»,— 0 (76) 
V“.v L ‘ ) 


P — Of 7« 


Finding out the values of /b and /\> in tonus of /V,. from Fqs 7(V) and 7(h), 


suljst i t utility l lie values of I*o , f\ etc. we get, 

w <7 4 + /V* + y(\ l | 1V7 I e -~--0 ... (lb 

where 

a~u (u l v 2 ) v (m 2 -v‘V) ... (9</, 

(1 I »/) 

y = ( 6 2 - 27 yi 2 ) ( 2 w*\- 2 « !l -f 2 tfy a ~V 0 

— 2 // v 2 f 2 // 2 v rVf-v/\S 2 (l I 2 *j) ... ( 9 m 

rS - — 2j\, r a v ,V( 1 H - 7 ) ) (y 2 2 ry.V 2 ) ... ( 9r7 , 

e - (w-\) fw 2 (r* -* 4 ry.VV 2 ) - 2 ux(c 2 — ^lyS 2 ) d ~* 2 1 

(*» -LV*) 2 *;S) *+^. 1(1 I 2 ry)] ... (On 


[neglecting the terms containing r)~, as they are very small! 


For a flat earth, the correction factor becomes zero; and, under that condition 
the values of the above co-efficients become identical with those of Booker, la 
the deviating K and K regions, which are important for ionospheric propagation, 
the collisional damping is negligible and we may take u 1. 

Kven under the simplified condition of negligible collisional damping (z _ 0k 
the above quartic equation is very difficult to solve. Blit, as shown by Hooker 
for the flat earth case, the problem is simplified if propagation curves are drawn 
for the equatorial region, which is of course much easier (Booker, 1949). 

< 

For propagation across the equatorial region or in a magnetic latitudinal 
plane, the above quartic equation in q is reduced to a quadratic equation, an l 
under the condition it can be solved easily, as in the cases /S = S=0. 

■ The simplified propagation equation for transmission across equatorial region 
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net rting the collisional damping ( since v//>< < 1 j„ u, e deviating E or F region), 
is veil by 


oU’CT: 


9 yjS 2 ~ - v ( 1 - x) _ 

; (1— • v )+i[V^ 2 (l+^) 2 — y 2 }±|/J| jv 2 2 ^ 2 ( L I i?) 2 —y 2 ] 2 4^ 2 2 (J — v) ( 1 -}-»;)2S 2 

- tlle correction factor 77 < < 1 , the terms containing square and higher 
of r t can be neglected. The equation then becomes 

2 #j.S' 2 — — . ______ 

( 1 — x) +4 { y**S 2 ( 1 + %y) \f) rfc v 7 i [j’ 2 ^V 2 ( 1 + 3 b?) - j 2 \ 2 -\ ^ 2 2 S’ 2 ( l a ) ( 1 4 277) 


From the above equation and the expression for 77 , it is evident that in this 
cum. , the value of </ not only depends on the value of x at a point, but also on its 
sanation along the radius. Thus q-~x curves can only be drawn for known 
distributions of the ionization density. * 


j PLOTTING OF PROPAGATION C'UKVKS ACROSS ECJU ATOK I Al. REGION 

A few typical curves have been drawn over equatorial region (figures 3 and 
4) illustrating the variation of if with .r on the assumption of a parabolic gradient 
»f ionization. 


/ t' 2 \ 

For parabolic ionization density, we have .r = .mmx ( 1 |- ) 


s' here 


4 ire 2 
mp 


2 • Nm, 


Nw being the maximum ionization density in the layer. The thickness V is measur- 
ed from the point of maximum ioni/ation density ( Vi„ a x )and // is the scale height 

O the layer. Or, from figure 1 , r= /ml 1 / 1 % I /Unbeing tlie semithickness 

L V •'max J 

of the layer], 

/.The correction factor 77 — — 0 w" M \ 

1 \ r iio |_ 'max J 

substituting this value of y in Eq. (JO) we get, for propagation across the 
equatorial region 
AS 2 


4.S' 2 r\ /' x “ 

j. tm 1 — 1 / 1 - 

L r •'max _ 


V (1 X) 


x-*)+iWWi-jr (i v * )}-yi±i/jw^{i- 4 ^ m {i- v A )} 

A max r r ‘° -'max 


-/T !- W( 1 -*){ 1 - 4 L m ~ x )\ 

A'max 


(U) 


As an illustration of the computation, let us consider the particular case when, 
£ =100, (i.e. tm ~65 km.) atid the vertical incidence critical frequency of the 


6 
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Propagation curves for propagation across the equatorial region and 
for f — y . The plane of pr<»i>agation makes an angle of 45° with 
the magnetic meridian plane. Two cases of different angles of 
incidence, .30° and 45°, are shown. The full lines represent the 
ordinary and the dotted lines the extra-ordinary components (both for 
the curved earth case). The propagation curves for the flat earth 
(chained lines) are also drawn for comparison. 


layer at the point of reflection is Jc = 10 fn which is approximately the value of 
daytime f u F 2 (These assumption simplify the computation). Hence, 

*max = j'l = 100 /„«//* = 100 y 

The illustrative curves are drawn for a direction of propagation making an 
angle of ± 45° with the magnetic meridian plane; so that 

Figure 3 shows the propagation curves for f — ifa (i.e. for wave frequew v 
less than gyro frequency) and for angles of incidence (i 0 ) of 30° and 45°. Th<' 
curves for the flat earth case ( Chatter jee, 1952) according to Booker’s formula, aic 
also drawn to illustrate the effect of considering the curvature of the earth. It is seen 
that the diffrence between the two sets of curves is very small for the smaller values 
of x. But near the point of reflection (i.e. for values of x for which q 2 tend * 
to zero), there is noticeable deviation — the value of x for q 2 = 0 being larger 
for the curved earth case by about 15% (the other conditions remaining iden- 
tical). This is because, for the curved earth, the increase in ionization density 
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m 


a lr the ray path is less than that for the flat earth ease. The above deviations 
ha: important effects on the calculated values of attenuatioii and group retarda- 
te,. of an obliquely propagated radio wave, as discussed in the next section. 


Figure 4 illustrates the propagation curves for / = 2/n (i.e. for wave 
frequency greater than the gyro frequency) and for angles of incidence of 30°, 45° 

and (f)°. As in figure 3, the nature of the variations ia same as that for the flat 
faith case, though the values of q 2 for given values of x \ differ to a certain extent. 

Like the flat earth case, the value of q 1 attains an infinite value corresponding to 
the t mirth condition of reflection (Mitra, 1952). 

I GROUP RETARDATION, ATTENUATION AND LATERAL DEVIATION * 

In the previous sections, the plane of incidence was chosen to he coincident 
with the 23-plane of the co-ordinate axes. Hut it is incovenient for some purjxises 
to have the plane of incidence coinciding with a co-ordinate plane. In this 
section, we shall therefore, take the plane of incidence at any angle ^ 0 f T to the 
51 plane as shown in figure 5. Under this condition, the wave function of a 
magneto-ionic component becomes 



Propagation curves for propagation across the equatorial region and 
for / = $/' . The plane of propagation makes an angle of ± 45“ with 
the magnetic meridian plane. Three cases of different angles of 
incidence, 30°, 45° and 60°, are shown. The ordinary and extra- 
ordinary components are as shown in figure 3. 
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3 



Co-ordinate axes for the general ease of propagation, when the 
plane of incidence makes any angle with the 23 plane. 


exp | iV{r/ - (.<>! V! + Va) ( 1 - H ?) 


a 

J^)l 


( 12 ) 


where S\ — S cos <f > 0 and Sn — S sin <f> 0 

The co efficients of the propagation equation (8) are also modified to 


a--u(u 2 ~-y 2 )- x(u 2 -r 3 2 ) ... (I3tf) 

P am ^V 3 x(S t y l I- ^ 2 v 2 )(1+7}) ... (13^) 

y = (c 2 - 2 V S 2 ) (2 u 2 x - 2u 3 )- 2uy 2 y, 2 x) 

-~2ux*+2u* X -y* x + X (S 1 y i +S 1 y a ) 2 (l I 2 V ) ... (Or) 

8=-2y aX (S iyi +S 2 y 2 )(l-\- v )(c*-2 v S*) ... (13 d) 

€=- (u— .v)f« 2 (c 4 +47,.SV)- 2ux{c 2 — 2r)S 2 ) -f-* 2 ] 


- (c 2 - 2 v S 2 )[tiy 2 (c 2 - 2r / S)->^+(.V J j 1 +^ 2 ) 2 (l-(-2 1 j)^ ... (l3r) 

Energy propagation in the ionosphere takes place with the group velocity- 
the velocity of the wave packet as a whole. To follow the wave packet in the 
ionosphere, we have to follow the point of constructive interference of these 
waves. This means that the partial derivatives of the wave function [eq. 12! 
are to be equated to zero. Thus 
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11 

ri-(V,Uh)(i+^) - J 

0 

1 


(14) 

II 

h 



(! + »/) *1 4- | ~jq~dh—o or .v,— - 

1 ( 
1 + v 3 

%, dh 

... (15) 

O 

0 



h 

li 



( 1 +»/).v 2 4- f d> ! dh - 0 or av— - 
J dS t 

1 

1 1 v J 

is* 

... (16) 


\ll the* above expressions are for the wave packet in going from zero height to 
bright h. If the total group retardation time be t n then the equivalent path length 
is given by 


A-'i” < 


n 

to- J dh -($,», | s t v,)(l I V)+ J 


(!{kq) 

dk 


dh 


f J d(kq) __ 5, d<j S t dq \ 

J \ dk 14 r, dS , Hr) <’>5., J 


dh 


(17) 


;uk1 the total lateral deviation— .iv 


1 J 

.f 


dx, 

dh 


dh- 


1 f d 'L 

1 -f rj J dS l 


dh 


(18) 


The values of and d ^'nn he calculated by simple differentiation 

a > 1 ch S 2 

as done by Booker for the Hat earth case. The total amounts of group retardation 
and lateral deviation suffered in the deviating region can he calculated hy the 
same procedure of graphical integration. 

It is evident from figure 3 that fen* the curved earth case, the calculations 
will give a higher value of group retardation, as the wave penetrates deeper into 
the ionized layer (the value of x for ry 2 ~ o being higher for the curved earth 
rase). This gives better agreement with experimental results. Calculations of 
Waterman (1952) neglecting the earth's field also gives a higher value ot 
group retardation, when earth’s curvature is taken into account. 

To calculate the attenuation, it is to be noted that, in the deviating E or F 
ngioti (reflections from these layers only being considered in this paper), the 
attenuation suffered by the waves is very small. Thus in the Taylor expansion 
of the function q (u)~q{ l— 4s) we can neglect the higher terms and write. 

9 ( /4 )= ? (i)-k( 2 )„= 1 
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Substituting this value in Eq. (12), the wave function becomes 

h 


exp |rt — («SW-1 •?,*.)( H »?) — J (f— »* }j u ^dh | J 

h ° h 

— exp j~* j d J u ^dh | exp£»* (c/— (S 1 * 1 4-.S’ 2 x 2 )'(l+ , ?) — j qdh)^ 

the term M du )] giving attenuation per unit height. Thus wc see that the 


expression giving attenuation per unit height in the deviating region for the 
curved earth case is identical with that for the flat earth; the total attenuation 
is, however, greater for the curved one, as the wave penetrates deeper into the 
ionosphere. 


5. CONCLUDING REMARKS 

The results of analysis for the case of the curved earth, as carried out in 
the previous sections, show that the corrections applicable to Booker’s result for 
the case of a flat earth become appreciable only in the deviating ‘reflecting 
region. This is because the value of x at the reflecting points (i.e. for ^ 2 rz:0) is 
higher for the case of the curved earth than that for the flat earth. The values 
of attenuation and group retardation in the deviating region are thus also higher 
when the curvature effect is taken into account. Since, during day time the main 
absorption is caused in the non-deviating region below, the flat earth approxi- 
mation does not significantly affect the calculated signal intensity and a good 
agreement with experimental results is possible. During night time, however, 
the main absorption is in the deviating (reflecting) region. Hence the absorption 
value is significantly higher when the curvature of the earth is taken into account. 
These results are in general agreement with observations. The measured values 
of 1 absorption are always found to be greater than the values as calculated for the 
flat earth case. The analysis also shows that the lateral deviation of the ray is 
greater than that calculated from the flat earth consideration. The increase is, 
however, expected to be significant only for directions of propagation making 
angles of about it 45° with the magnetic meridian plane. 
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effect of steepness of pulse fronts on the 
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i 

ABSTRACT. The responses of integrating and differentiating circuits to a pulse front 
tli.it rises linearly upto a certain time and then flattens out iJiave hern studied, (ienerally, 
the analysis of such circuits is made by assuming the input puljfce -to he a step-function. That 
the responses obtained by such an analysis are much different from those found in the case 
<»l a linearly rising pulse that flattens out after a certain time, has been shown clearly in 
In ith cases of cascaded differentiating and integrating circuits. When the rise time is very 
short, the output pulse shape becomes almost similar to that in the ease of step- function input 
pulse. As the rise time and the number of cascaded sections increase, the magnitude as well 
as the rate of rise of the integrated output pulse sharply begins to diminish. In the ease of 
(lift crcntiat ion, the maximum output voltage depends very much upon the rise time. 

INTRODUCTION 

In calculating the resjxmses of pulsed circuits it is the normal practice to 
assume the input voltage to he a unit step-function ( figure 1 ) which is defined to be 



o 

Fin. 1 

A step function of unit height. 

It is seen from the figure that the voltage changes instantaneously from one value 
to another. So the wavefront has an infinite slope as indicated by the function. 

But it is not physically possible for a voltage or current to jump from one 
\ alue to another instantaneously. So the responses of pulsed circuits calculated 
l»v taking the input voltage to he a .step function do not indicate physically accurate 
pictures. Though the assumption of a perfectly square pulse front is a good 
approximation of a sharply rising pulse, yet it sometimes leads to erroneous results 

— ii - r " — 

* Communicated by Prof. M. N. Saha, f.r,s. 
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as pointed out by Rubin ( 1952) and Schwartz (1946) in the case of analysis <,f 
pulse differentiation. 

A sharply rising pulse can be represented by a linearly rising pulse front 
a very good approximation (figure 2). This assumption is often accurate as the 
rise of the pulse is linear until before flattening out. 



Fh„ 2 

A ramp function of height h with rise of time / . 

1 lie responses of cascaded differentiating and integrating circuits to a pulse 
(figure 2) which rises linearly upto a time t r and then flattens out, will be obtained 
in the following analysis with the help of the theory of Laplace transforms. Stub 
functions are called ramp functions. 

It is shown that the shapes of differentiated and integrated pulses are much 
different in this case from those obtained when the input pulse is a step function. 
When the rise time is very short, the output pulse in lioth cases of differentiation 
and integration is practically similar to the output pulse when the input is as 
shown in figure 1. 

Analysis of lutcyraiincj Circuits : 

The pulse which is shown in figure 2 can he analytically represented by the 
following expression : 

e, (t)= Ku ^ 1 Ku U—lr) (i— t r ) 

W h It W 

where, t T indicates the rise time of the pulse and »(/) and u(t-t T ) are unit step 
functions (figure 1 ) beginning at times t — 0 and / — h respectively. J< represent" 
the height of the pulse. 

So the excitation transform which is the Laplace transform of a(t) is given 

'■<»- 1 ' 0 1 ~' 7 ] 

The transfer function or system transform of n stages of cascaded integrating 
circuits (figure 3) is given by the equation (Bhattacharyya, 1952) : 

Transfer function 

e*(p) = 1 

ei(p) i~+a 1 Tp + ~.... - 1 -a a T*p* 


( 4 ) 
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«•!'■ re 0u(/O an< ^ e i (P) are respectively the response transform and excitation 
tr, "sform 
air i 

(n + m)\ 

~ {n-m)\ (2m) l < 5) 

and T=RC 


(n-0 : (>*)=!= e t 


The ii-stage /^C-intep rating circuit. 

To avoid complicated results in obtaining the response c»(0 let us denote. 

K 1 

fn - t - ■ p2 (1 , a Tf) ! ^ T . if)2 ! -j- 7 n p") (6) 

so that the response is given by 

^n(0 Jn(l h) u[t t v ) (7) 


... ( 6 ) 


So lhe problem is now to find out the inverse Laplace transform of f (/>)• 
The expression of the nth degree in the denominator of equation (6) is to be 
broken up into linear factors so that the inverse Laplace transform can be found 
by applying Heaviside’s expansion theorem. / ( p ) can then be written as 

/n {P)= /r ' P* (Tp-\ a l HTf>+a. i )...(Tf> + a n )~ W 

where — ai’s are the roots of the polynomial 

1 +a x Tp+ + arT*p*+ +T*p" ... (9) 

It can, be shown with the help of the theory of equations that the roots are distinct, 
irrational negative real numbers. Kenyon (1951) has given a table of the roots 
of the polynomial for values of n — 1 , 2. 3, 4. 

From the theory of 1 .aplace transforms we know that if -v(/>) is the transform 

1 

of x(t) and 9 is a real positive number, then q ,r( p/9) is the transform of x(9t) 
Put 9— 1/T 

Then Tx(Tp) is the transform of x(1/T). Equation (8) can he written as 


f( .,KT _T 

* t T ' (7/>) 2 (Tp+a ,) ( Tp \~a 2 ) ...(Tp-\-a n ) 


fuU) 


So we can normalize equation (10) by substituting t — t/Rc and fn(t) — ^ 


to obtain 

7 
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fn (fi) h ' P 2 (P + *i) (>+«*) (/>+«*) 

So the response function fn(t ) that equals Ll T ~]f T (/>) is given by 

/„ (0 = £-!/„ (/>) 


ux/w 

i jr r 

2ttJ t T J P 2 (p+ai) (p + a*) ••• (^+ a n) 


where A- 1 is the inverse Laplacian operator. Wc, therefore, have, 

7“ 

(/) — . £ Residues of poles of 


/> 2 (/> |-ai) (/> + a 2 ) ... (/>+a n ) 

by the Cauchy Residue theorem. 

fn(t) has a pole of second order at />—() with residue 


dp (p | a x ) (/^ + a 2 ) ... (P + clt\, 


P = 0 


and poles of order unity at joints /> — 04, a 2 , a n 

with residues 

_ — a x t 
r - 1 ( — a r ) 

where 

•£(/0 =/» a (A + «i) (P + o. t ) ... (fi + an) 

and <P'(p ) denotes differentiation of <j> (/>) (//>) with respect to p 

So with the help of the expressions (14) and (15), we have 
... y n , — or t ~ , « ot 

* r r = l <j)\( --a r ) / r dp (p4“ a i) ••• + 

Equation (17) is expanded below for « — 1, 2, 3, 4. 




A (0= 7 r (e -* + /-l) 


/.(0 


= 7" " 
tr 


3 06522 e 0-88197 '—0-08271. e “ ? ‘ 61808 


'+*-3 J 


/s (0- f [ 6*16180 e~° 19806 ' — 0-18013 e -1 66496 '+0*01838 «T 824698 ‘ 
+1-61 
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4 £ 10-29129 «T° 12061 -0-33333 t~‘ +0 05106 e - 2 84780 ' 

— 0*00783e -8 68808 '+*— 10 J , (21) 

N'.hv the responses of multimesh RC integrating circuits can l)e found out with the 
aid of equations (7) and (18-21 ). The responses for sections from one to four are 
shown in figures 4 — 7 for three values of i r /T to show distinctly the three cases 

(») tr/T < l (f T /T=0-5) 

(ii) tr/T^l 

(**») tr/T > l (tr/T—1‘5) 



Frc. 4 

Response to a ramp function of a single stage integrating circuit (»=1). 
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Fig. 7 


Kt'spotise to a rami) function of a four-stage integrating circuit (tiznA). 

It is seen from the figures that Ihe output is dependent on the rise time tr of 
the pulse. As t r increases, the rate of increase of output is also diminished. With 
the increase of the* number of sections the magnitude as well as the rate of rise of 
Ihe output pulse sharply begin to fall. 

We shall now study the case when the rise time is very short. Tt is natural 
that as the rise time is diminished, the output pulse-shape will he almost similar 
to that found in the case of step-function input pulse. 

The excitation transform of the unit step-function pulse is given by 


So the transform of the output pulse is found to he 
1 1 

e " U ' y p ' 1 +a 1 7~p + a it Ty+... + 7 "p n 

which can be expressed as 

1 1 

fi - 0p- [ .a i y(Tp + a 2 )...(Tp\-a l> ) 


( 22 ) 

(2:)) 

(24) 


Xormalizing equation (24) by putting t—.t/RC wo obtain, 

1 _ 1 

€n 'P _ p ’ (/>+<*i) (/’+a !S )... (/,+«„) 

Applying Heaviside’s lixpansion Theorem to eipiation (25), we obtain 

1951) 

n — a tt 

e n (l)^- ^ ( _ ar) + f . (0) 

where 

/(a r )— /». (j&-|-a 1 )...(/> + ar)...(/H-an) 

The responses of cascaded integrating circuit to a step-function input 
now drawn in figure 8 with the help of equation (26). 


(25) 

(Kenyon, 

(26) 

... (27) 

voltage is 
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When the rise time is very short, e.g. t r /T — 0-1 the output pulses for 
various stages of integration are shown in figure 9. 

It is evident from figures 8 and 9 that the response curves of integrating 
circuits to a pulse with a very short rise time is very much similar to the curves 
obtained in the case of step-function input voltage. In this case the assumption of 
a perfectly square pulse front is, no doubt, a good approximation of the sharply 
rising pulse. 

.hi a! y sis of Differentiating Circuits : 

The transfer function of n stages of cascaded differentiating circuits (figure 10") 
i< given by the equation ( Bhattacharyya, 1952) : 

Transfer function: 

en (/*) = ( 7 70 n _ _ _ /oo\ 

et (p) 1 + Tp + . . . + l T T r p r + . . . + T°p" 1 ’ 

where, 

t T « * n_r C r 


(2 n-r)\ 
r! (2n — 2r)! 
and T — RC 


(29) 


c e e c 



Fig. 10 

A cascaded differentiating circuit. 


If we denote 


/ K (Tp) n __ ( 30 's 

gnw-^- - fi »( ! + ti Tf ,+ ... +/ r T*p* + . . . + T**p n ) { > 

then the response e n (0 to a pulse given by equation (2) is given by 

Sn(t)—ga(t) — gr,(t—tr)> u(f — t r ) ... (31) 

It can be proved by the theory of equations that the roots of the polynomial 

1+VI>+ +t r T r p r + ... +T n p a ... (32 


are the reciprocals of the roots of (9). So if P u /? 2 > . . . fin denote the reciprocals 
nfctj, a g , , . . . a„ , equation (30) can be written as 


K (Tp) n ... (33) 

- ir • (Jfi+P'i) (Tp+fit) ..r(Tp+M 


As in the case of the integrating circuits, we can normalize (33) by putting 
* = t/RC and g* (0 = Qn (0/K to obtain 
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gn (f>) ='- t 


n 2 


... (3t} 


(p + Pt) (P + P 2 ) ••• (/’+£»>) 

As the denominator of C34) is of higher degree in f> than the numerator, Heaviside’s 
expansion theorem can he applied to obtain the inverse transform 


gn (t)- 


H 


-Qrt ' 

r (~j8r) 

D 1 ( 0r) 


where 

(M'Ai) ••• (A *'0r) (/> I ^n) 

Kquation (35) is expanded below for n from one to four. 


gi (0 

T 

r, “i 

" t r 

_ * J 

g* (0 

T 

tv 

0-44721 r € -otwiw» e -20is»3/ J 

g- ( ,(0- 

T 

tr 

1” 0-43554 € " < ' 431<, ' -0-24171 c -6 ' 04 ’’ 92 ' -0*1 9384 e 

-.(')■ 

T 

Jr 

L 

f 0-09771 C - 0 ‘ 2SS12 '_ 0-28133 t 0 ,2<i0 “ ' + 0-33333 


'1 


-0*14969 


tin 


1 


(3.7: 

(3fd 

(371 

(38', 

(391 

(10: 


With the help of equations (31) and (37) — (40) the responses of cascade, 1 
differentiating circuits to a pulse as shown in figure 2 can be easily obtained 
The responses for sections from one to three arc shown in figures 11 — 13 for three 
values of tr/’I' as in the case of the analysis of integrating circuits. 



Tin* f/JK ► 

Fig. 11 

Response to a ramp function of a single-stage differentiating circuit (»=1), 











280 Bimal Krishna Bhattacharyya 

It is evident from the figures 11 — 14 that the characteristics of the out,.ut 
pulse shape depends very much upon two parameters: (i) the rise time t T of the 
input pulse and (ii) the number of cascaded sections. 

The effect of the rise time t T can easily he seen from the following table which 
shows the maximum output voltage that can l»e obtained for an input pulse of 
specified rise time and the half amplitude widths of the output pulses in terms of 
t/RC. 


t{T = 0 (Step function input pulse): 


n 1 

1 

2 

3 

4 

Maximum output voltage . . 

i 

i 

1 

i 

Half amplitude widths 

0-690 

0-225 

’ r ' 

I 0-100 

0-051 


tr/T—0.\ 


n 


1 

1 i 

2 

1 

3 

4 

Maximum output voltage . . 

0-052 

0-8o4 

! 1 

1 1 

0-748 

0-618 

Half amplitude 

widths 

0-75 

l 

1 0-26 

i 

i 

0 16 

0-13 

tr/T- 

,0-5 





ft 


1 

1 

1 

: 2 

f 

3 

4 

Maximum output voltage . . 

0-787 

0-497 

0-260 

0-158 

Half amplitude 

widths 

0-95 

0-53 

0-25 

0-21 

i 

t ,/T= 

u-s 





n 

1 

2 

3 

. 

4 

Maximum output voltage . . 

0-632 

0-275 

0-130 

0 079 

Half amplitude 

widths . . 1 

1 1-32 

1 -05 

0-51 

0-31 
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h/T—l'S 


Ma imum output voltage 


Hah amplitude widths 


1 

0-518 

1-68 


0-182 

0-087 

0-053 

1-55 

0-56 

0-28 


From this table we find that the maximum amplitude of the output voltage varies 
directly with the rise time tr . In the case of single section differentiating circuit, 
the maximum output voltage is obtained at / = / r . But as the number of sections 
increases, the maximum output voltage occurs at an e&rlier time because of the 
rounded shape at the peak of the differentiated output in the case of v = 1 . This 
is the reason why with the increase of w, the time at which the voltage response 
reaches its maximum becomes shorter. 



Fig. 14 

Response to a step pulse of n-stage differentiating circuits. 

A negative overshoot arises when n > 1 and it begins to oscillate from 
negative to positive value as the number of sections increases. 
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In the previous table we have also inserted the case when a unit step 
voltage is applied to the input. The response can be found easily since we 
both the system transform and excitation transform (Kenyon, 1951). '| h, 

transform of the output voltage is then given by 

e n (b) ~ L ra n __ , 4 , 

(P) p [1 4 t x l p-\-.. J tt T T T p r -\-...+t ll T n ~p n ] ( 1 

which can be written as 


1 


(•/» « 


(/,) P ( Tp-\ $ t ) (Tp+L %) ... (Tp+pn) 

Tliis can be normalized by substituting t — t/RC to obtain 

p U - 1 

(p+Pi) (P+P 2 ) ••• (0 + 0 n) 

By applying Heaviside’s Expansion theorem we have, 

Cn (0 - ", 

r— 1 


( Pr nl . Prt 
D / ( Pt) 


(42 


(4:5, 


( 44 1 


where 

D(p) is given by the expression (36). 



e/r ► 

Fig. 15 

Response to a ramp function of »-stage differentiating circuits. 




283 


Effect of Steepness of Pulse Fronts , etc. 

So with the help of equation (44), we can find out the responses of cascaded 
differentiated circuits to step function input voltages as shown in figure 15. 

As the rise time t T will be diminished, the responses will gradually be 
idK.iical with that in figure 15. This can clearly be seen if we compare figures 14 
an.i 15 where figure 15 is drawn for the case It /T = 0.1 Though in the latter 
cav the maximum output voltage drops very much when n>l„ the exponential 
fall .4 the two curves shows marked similarity. 

Tt is seen from figure 15 that even when ;/>l, the maximum output voltage 
occurs at time t = t T because of the short rise time at»d the absence of rounded 
peak. 


CONCLUSION 

The present analysis of integrating and differentiating circuits has been done 
in order to show the importance of rise time of the input pulse in modifying their 
responses. In the case of integration the major effect of the rise time is to delay 
the integrated output to reach its maximum value. While in differentiation, the 
rise time practically determines the maximum output voltage that can be obtained. 
This limitation may become serious when the differentiated response is applied 
for the purpose of triggering a circuit. 

Again, the flat top of the output that has been shown in some cases, e.g. in 
figures and , is sometimes very unsuitable for triggering. 
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ABSORPTION OF U. H. F. RADIO WAVES IN THE 
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ABSTRACT. The absorption of U. H. I T . radio waves in the range 250-920 Mc/sec 
in chlorobenzene, bromobenzene, o-xylene and w-xylene at room and lower temperatures 
has been investigated by optical method, using a G.R. 1209 \ oscillator as the source 
of radio waves. In the case of chlorobenzene a peak has been observed at 820 Mc/sec at 
room temperature and this is observed to shift to 580 Mc/scc at o°C. The peak is found 
to be due to a dimer. In the case of bromobenzene the peak at room temperature is 
beyond 920 Mc/sec, but it is at 880 Mc/sec at o*C. The peak is due to a monomer. Indica- 
tion of a peak below 250 Mc/sec at o°C due to dimers has also been observed. In the case 
cf o-xylene no absorption is observed at room temperature, but the liquid shows an 
absorption peak at 570 Mc/sec at o’C, which shifts to 500 Mc/sec at — 2o°C. This peak 
is due to dimers. In the case of w-xylene at o°C no absorption is observed, but at — 30*0 
an absorption peak at 820 Mc/sec is observed. This peak is also due to dimers. 

It is concluded from these results that with the lowering of temperatures of ihe 
liquids mentioned above associated groups of molecules, each group containing two 
molecules, are formed and the number of such groups increases with further lowering 
of temperature. 

INTRODUCTION 

It was recently shown by Kastha ^1952) that cresols absorb radio waves 
in the frequency range 700-900 Mc/sec and that the shift and diminution 
of height of the peak with dissolution of the liquid in nun-polar solvents 
observed in the case of m-cresol is different from that observed in the case 
of o-cresol. The results obtained by him indicate that some of the mole- 
cules of all the three cresols exist as dimers in the liquid state and these 
dimers dissociate to form monomers when the liquids are either heated or 
dissolved in non-polar solvents. The data reported by him further show 
that the ladius of the rotor calculated from Debye's theory, taking the 
macroscopic viscosity as the inner viscosity, is ot the order of the radius 
* of the single molecule in the case of meta- and paracresols. This fact not 
only proves the validity of Debye’s theory in the frequency range metioned 
above but also shows that in the case of the liquids mentioned above tbe 
macroscopic viscosity is identical with the inner viscosity mentioned in 
Debye's theory. 


* Communicated by Prof. S. C, Sirkar 
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The method also furnishes information regarding the nature of associa- 
tion of molecules in the liquid state. it is, however, not possible to draw 
a general conclusion from results obtained in the case of a few liquids. The 
question whether formation of stationary waves in the absorption cell affects 
the absorption coefficient obtained by the optical method, is also to be in- 
vestigated thoroughly. A programme has, therefore, been undertaken to 
study the absorption of radio waves of frequencies in the range 250-920 
Mc/sec in substituted benzenes in liquid state at different temperatures and 
in solution in different non-polar solvents. In the present paper the results 
obtained in the case of chlorobenzene, bromobenzeue, orthoxylene and 
metaxylene have been discussed. 


EXPERIMENTAL 


The liquids were all of chemically pure quality and were supplied by 
B. D. H. They were all distilled before being used in the investigation. 
A G.R.1209A oscillator with its shield removed was used as source of 
radio waves of frequencies ranging from 250 Mc/sec to 920 Mc/sec and a 
crystal detector was used as the receiver. Two absorption cells of inner 
thickness 1.7 and 3.5 eras respectively were used in the case of chloro- 
benzene to fiud out whether the values of absorption coefficient deduced 
in the two cases agree with each other. Reading of the tuned 
detector were taken first with an empty cell as absorber and then with a 
similar cell filled with the particular liquid, the detector being tuned again. 
In order to take readings for the liquid at low temperatures the cell contain- 
ing the liquid was immersed in absolute alcohol, cooled to the proper 
temperature by being mixed with liquid oxygen. When the thermometer, 
inserted in the liquid through the stopper of the cell, indicated the proper 
temperature the cell was taken out and was placed in front of the tuning 
circuit of the detector, and after tuning the circuit again, the reading was 
noted. Care was taken to remove all obstacles from the vicinity of the 
oscillator and the detector to avoid reflection of the radio waves. The in- 
vestigation was carried out in a large room so that the distance of the nearest 
wall from the oscillator was about 12 ft. No reflector was used in these 
investigations. The values of attenuation coefficient were calculated from 


the formula /*= 2 '^ log l0 
absorber. 



where x is 


the 


thickness of the liquid 


RESULTS AND DISCUSSION 

The values of calculated for different thicknesses of the cell in the. 
case of chlorobenzene were found to be indentical. The values of for 
different frequencies for the liquids at different temperatures are given in 
Tables I-VII. In order to locate the absorption maxima accurately absorp- 
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tion curves have been drawn in figures 1-5. The values of r deduced from 
the frequencies at absorption maxima and the values of dielectric constant 
for frequencies zero and infinity according to Debye’s tlieoiy are given in 
Table VIII. Finally, the values of cubes of the radii of rotors calculated on 
the assumption that the molecules are spherical are given in the last column 
of Table VIII. 


Tahi.h I , 

Chlorobenzene at 25°C. 

The thickness of the liquid, 3.5 ems 


Frequency in 

/ 

Attenuation 

(X X 1 O 2 

Remarks 

Mc/sec. 

• 0 

1 

coefficient, ^ 



600 

1 

0 

<_> 

ju was calculated with 

650 

1 

0 

C) 

thickness of the liquid 

700 

1 

0 

0 

1.7 cnis and it was 

730 

1 

0 

; 0 

found that ^*.0784 at 

780 

1 

0 

i <> 

820 Mo /sec 

800 

1.19 

0.0505 

! 5-05 


820 

1 31 

0 0784 

7.S4 


840 

1 .08 

0.0223 

! 2.23 


860 

1 

0 

0 


880 

1 

0 i 

n 


900 

1 

0 

0 



T AKI.fi II 

Chlorobenzene at o°C. 

The thickness of the liquid, 3.5 ems 


Frequency in 

Me /sec. 

/ 

Attenuation 
coefficient, a* 

/* X 10 2 

550 

1-33 

.0827 

8.27 

565 

1 5 

'1*75 

*1 75 

580 

1.62 

•1397 

13-97 

600 

i-S' 

.1175 

n *75 

620 

1.16 

.0431 

4-31 

640 

1 

0 

' 0 

700 

1 

0 

0 

1 
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Fig. i 

Chlorobenzene at 25*0 



frequency in Mc/sec » 

Fig. 2 

Chlorobenzene at o*C 
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Tab^b III 

Bromobenzeue at 3o°C, 

The thickness of the liquid) 3.5 eras, 


Frequency in 
Mc/sec. 

1 4 

1 

Attenuation 

Coe flic lent, /u. 

MXlO ? 





860 

1 

0 

0 

880 

1.04 

, .0114 

1. 14 

900 

1.35 

.0648 

6.48 

930 

i* 7 i 

; ^540 

15.40 



Fig. 3 

lironiobcnzene 


The results for cholorobenzene at o°C agree with those reported by 
Sen (1950), because with his oscillator the maximum frequency was 520 
Mc/sec and for this frequency the attenuation coefficient observed by him 
agrees with that observed in the present investigation. The absorption 
maximum at o°C is at 580 Mc/sec and this shifts to 820 Mc/sec when the 
temperature of the liquid rises to 25°C. Although the shift is large, being 
about 240 Mc/sec, the values of a, the radius of the rotor calculated for the 
two temperatures are not widely different from each other. As the cal- 
culated radius is greater than 4 x io~ s cm, the rotor cannot be a single 
molecule. It is evidently a dimer. As the height and the width of the 
absorption peak increase with the lowerng of temperature from 25 °C to 
o°C, the number of such dimers increases with the lowering of temperature. 
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Table IV 


Bromobeuzeue at o°C. 

The thickness of the liquid, 3.5 cms. 


Frequency in 
Mc/sec. 

h, 

1 

Attenuation 
coefficient, m 

MX 10* 

720 

1 09 

.0250 

2.50 

740 

*■ 3 * 

.0784 

7.84 


1.36 

.0893 

8-93 

780 

1.42 

- *' ' V't _ i v.v? 

10.18 

800 


.1309 

13.09 

820 

1.94 

.1924 

19.24 

840 

2.25 

.2354 

23*54 

860 

2.5 

.2661 

26.6l 

S80 

3 

•3189 

31.89 

goo 

2 27 

.2380 

23.80 

910 

2.14 

.2209 

22.09 

920 

T.2 

*0530 

5 - 3 ° 



frequency in Mc/sec ► 

Fig. 4 

Ortho xylene 


In the case of bromobenzene at 30°C on the other hand, no absorption 
peak is observed in the frequency range 250-920 Mc/sec, but the attenuation 
coefficient increases rapidly as the frequency increases from 880 to 920 
Mc/sec. This indicates that the absorption maximum occurs at still higher 
frequencies. When the liquid is cooled to o°C an absorption peak at 
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Table V 


0-Xylene at o°C. 
Thickness of the liquid, 3.5 eras. 


Frequency in 
Mc/sec. 

to 

/ 

Attenuation 
coefficient, n 

j mXio 2 

500 

1 

0 

O 

520 

1 

0 

O 

550 

1.0S * 

.0223 

2.23 

560 

1 .20 

.0530 

5*30 

57 ° 

* 33 

.0S27 j 

8.27 

580 

1.28 

.0716 

7,16 

590 

1.22 

■0577 

5-77 

620 

i.ti 

■0303 

3.03 

660 

1.09 

.0250 

2.50 

680 

1.05 

.0142 

x.42 

*720 

1 

1) 

0 

740 

1 

0 1 

1 

1 

0 


Table VI 

o-Xylene at — 20°C. 

The thickness of the liquid, 3.5 eras. 


Frequency in 
Mc/sec. 

'0 

t 

Attenuation 
coefficient, /u 

/* x 10 2 

420 

1 

0 

O 

45° 

j 1. 12 

.0329 

3-29 

400 

| 1.18 

.0401 

4 81 

48O 

1 x 33 

.0827 

8.27 

490 

i I 37 


9.14 

500 

I 71 

.15.40 

*5 40 

5 ™ 

i -33 

.0827 

8.27 

52‘- 

J.14 

.0380 

3 80 

550 

1 

O 

0 

560 

1 

O 

0 

570 

1 

X 

O 

0 


1 able VII 
ro-Xylene at -30°C. 
Thickness of the liquid, 3 5 cnis. 


Frequency in 
Mc/sec. 

/• 

1 

Attenuation 
coefficient, /* 

juX lo 2 

780 

1 

0 

0 

800 

1 11 

•0303 

3 03 

820 

x -33 

.0827 

8.27 

840 

1 16 

•° 43 J 

4 - 3 1 

860 

1.05 

0142 

1 42 

380 

2 

1 

0 

0 
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88o Me /sec is observed. The value of the radius of the rotor comes out as 
3.10 x io" 8 cm. The . calculated volume of the rotor beiug half of that found 
in the case of chlorobenzene, the peak observed at 880 Mc/sec in the case 
of bromobenzene is due to single molecules. A search was made for 
another peak due to the dimer at lower frequencies but no such peak was 
observed. This shows that at o°C most of the molecules of this liquid are 
monomers. This may be due to the fact that the chemical affinity of 
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bromine atom is less than that of the chlorine atom. Dimers may, however, 
be found even in the case of bromobenzene at temperatures below o°C. 
The liquid was, therefore, cooled to -8°C and at this temperature the liquid 
was found to exhibit a little absorption at about 2S0 Me /sec. The attenua- 
tion coefficient increased gradually as the frequency diminished to 250 
Mc/sec. This shows that at -8°C there is ft peak in the region of about 
240 Mc/sec. This peak is probably due to dimers which are formed only at 
temperatures below o°C in this case. 

Ortho and metaxylene at 3o°C did not thow any appreciable absorption 
in the frequency range 250-920 Mc/sec. Metaxylene did not show any 
absorption in the above range even when cooled to o°C. At — 3o°C> however, 
a low absorption peak was exhibited by tlie liquid at 820 Mc/sec. The 
value of radius of the rotor calculated from the viscosity and r t the relaxa- 
tion time, assuming the rotor to be spherical, is 3.61 x 10’ 8 cm. The peak 
is probably due to dimers. The peak due to the monomer at — 30°C lies at 
frequencies much higher than 920 Mc/sec in this case. In the case of 
o-xylene at o°C a low peak is observed at 570 Mc/sec. The peak increases 
in height and shifts to 500 Mc/sec when the liquid is cooled to — 2o°C. The 
radius of the rotor in this case is about 4.2 x io” 8 . So in this case also the 
rotor is a dimer. The peak due to the monomer is evidently at a frequency 
larger than 920 Mc/sec. 

The difference in the viscosity of the liquids accounts for the difference 
in position of the peaks due to the dimers. It has to be mentioned in this 
connection that Sirkar and Sen (1949) observed a gradual increase of the 
absorption coefficient with increase of frequency beyond 500 Mc/sec in case 
of xylene which was a mixture of the three isomers. This lowering of 
frequency of the absorption peak is probably due to formation of groups of 
of molecules in the mixture larger than dimers. 

Incidentally, it may be pointed out that the values of r observed for these 
four molecules are of the order of to* 10 second. The corresponding 
.frequencies are less than 1 cm” 1 . Hence the Raman lines having frequency 
shifts in the range 10 — 120 cm” 1 due to these substances in the solid state 
must be due to vibrations in which the intermoleeular field is many times 
stronger than that in the liquid. 
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ABSTRACT. The present paper reports the results of measurement of volume and 
surface re istivities of different qualities of the more abundant red and green Indian 
muscovite mica and the effect of humidity, temperature and pieheating on them. 

1NTROD U CTION 


It is wellknown that one of the important electrical properties of an 
electrical insulating material is its d.c. resistivity which is the reciprocal of 
its conductivity. In the case of a solid insulating material, this resistivity 
is determined by measuring its insulation resistance, which is usually consi- 
dered to be the resultant of two components, viz., the volume resistance and 
the surface resistance, owing to the fact that when such a material is subjected 
to a difference of potential across it, there is a flow of current not only 
throughout its volume but also along all its surfaces. The volume resisti- 
vity of mica and its variation with temperature has been studied by many 
investigators before 1934. They found the volume resistivity of different 
kinds of mica to vary over wide limits, the muscovite having the highest 
value. The variation with temperature followed practically a linear law 
between o°C and iooX, after which it underwent a slow but gradual 
diminution. It is not clearly mentioned whether they took any Indian mica 
in their observations. 

The present investigation was undertaken with the object of deter- 
mining the volume as well as surface resistivities of different qualities of the 
more abundant red and green varieties of Indian muscovite mica of different 
qualities and origins and the effect of humidity and temperature on their 
resistivities. It was also thought of interest to ascertain how these resisti* 
vitics were affected by pre-conditioning the samples at different temperatures. 

Measurement has been made on the following muscovite micas. They 
were obtained in the form of booklets from the Geological Survey of India. 

1. Bihar Red (Bengal Ruby), clear. 

а. Bihar Red, stained. 

3. Bihar Red, stained and slightly spotted. 

4. Madras Green, clear. 

5. Madras Green, stained. 

б. Madras Green, stained and slightly spotted. 
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The most direct method of measuring the d.c. resistivity of an electrical 
insulating material is to apply a known potential difference between two 
points on opposite sides of the mateiial and to measure by any suitable method 
the current which is usually very feeble. But when desired the two com- 
ponents, viz., the volume and the surface resistivities can be determined 
separately. For this purpose Curtis (1914) devised a guard-ring method 
using mercury electrodes ; but if the resistivities are very high, the measure- 
ment of this extremely small current becomes difficult even with a highly 
sensitive galvanometer or a quadrant electrometer. The ballistic discharge 
method which consists in charging a condenser made from the material and 
discharging it through a highly sensitive ballistic galvanometer, is also not 
satisfactory. Fortunately, the electron tubes method has been successfully 
used in recent years for the measurement of such a feeble current. Special 
vacuum tubes, called electrometer tubes, are used for this purpose. A 
pliotron F. P-54 tube of International General Kleetric Company of America 
has been used by several investigators notably by Rose (1931), Hill (1931), 
Du Bridge (1931), Du Bridge and Brown (1933), Turner and Seigclin (1933) 
and Peniek (1935) in developing circuits for the measurement of such feeble 
currents. The Peniek circuit, as modified by Armistead (1948), gives a rapid 
measurement of such current. The R. C. A. miniature tube 12BU6 has 
also been used for this purpose as a high sensitivity stabilized d.c. amplifier 
by Anker (1947), Caldecourl (1949) and others. But the circuit developed 
by Cherry (1937), using Westinghouse RH-507 electrometer triode is very 
simple and, therefore, in the present investigation a similar circuit has been 
developed, using a Philips 4060 electrometer tube as an amplifier. A sensi- 
tive moving coil galvanometer served as the detector. The parameters of 
this valve were determined by Thae (1939)- 

THE MEASURING CIRCUIT. 

The circuit is developed as shown in figure 1. As stated before a Philips 
4060 electrometer valve is used here as a d.c. amplifier. For a smooth 
operation of the valve it is necessary to adjust the filament voltage to 0.64 
volts with a plate voltage of 4 volts at zero grid-bias. A s-m^sohin resis- 
tance is connected to the grid to obtain a stable working condition of the 
valve. To avoid electrostatic disturbances the valve is carefully screened by 
enclosing it inside a metallic case, (shown by a dotted line) properly earthed. 
The metal case has holes to allow connections to be made to the valve and 
contains fused calcium chloride in a porcelain pot to prevent any leakage 
of current due to deposition of moisture on the surface of the valve. 

The main measuring circuit includes the mica test piece and a standard 
high resistance (R,) in series with a battery of dry cells giving a steady 
voltage of about 150 volts. A dummy high resistance (R 2 ) of the same order 
of magnitude as the standard high resistance (R t ) is connected across the 
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Fig. i 

A. Central electrode B. Guard ring 

C. L/ower electrode />. Metal enclosure 


test piece to by-pass the charging current to be fed through it. The high 
resistances are prepared and standardised, as advocated by Geniant, using 
solutions of picxic acid, benzene, phenol and absolute alcohol in different 
proportions. 

The plate circuit has two loading resistances, one having a floating 
contact. A wheatslone bridge network is formed by including the valve in 
one arm. The detector is connected across two floating points in the bridge 
in the usual way. 

The special features of this measuring circuit are as follows : 

1. The voltage across the standard high resistance (R j is compensated 
by means of the potentiometer, r p so as to keep the grid at zero-potential 
during operation. The potentiometer is standardised with the help of a 
Weston standard cell, using the same amplifier and detector circuits. Such 
a compensation avoids the shifting of the working point of the valve when 
the grid-bias is likely to change because of a possible variation of current in 
the main measuring circuit. 

2. A fine and accurate adjustment of the d.c. resistance of the bridge 
arm containing the valve can be carried out when necessary by changing the 
amplification of the valve with the help of the potential divider, r f . 

3. The charging current of the test piece can be by-passed by means 
of the dummy high resistance (A\) . This prevents sudden application 
of higher voltage to the grid and helps the valve to operate under its normal 
working condition. 


EXPERIMENTAL PROCEDURE 

Mica samples were selected after examining visually their transparency, 
colour, spots and pits. From the selected samples were split out test-pieces 
of different thickness and cut in approximately 4 inches sqiiare size. Thejf 
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were thoroughly cleansed with rectified spirit and stored in a desiccator at 
room temperature. 

The measurement of thickness of a test-piece was ascertained before 
mounting between electrodes and conditioned at any desired value of humi- 
dity or temperature at which its resistance was to be measured. 

The thickness was measured by mea$s of dial micrometer to an accuracy 
of ±0.01 mil. at several points If the thickness at any point over its 
surface was found to vary by more than a. 5% from that at other points, it 
was excluded from test. 

The conventional method of using , mercury electrodes was found in- 
convenient for the present purpose. Highly polished brass electrodes were 
therefore, used and arranged as shown i U figure 2. The lower electrode was 



Fig. 2 

,t. Central electrode H. Guard ring 

C. Lower electrode E . Sample 


comparatively light and had a diameter of 3 inches. Ihc uppei central 
electrode and the guard-ring were massive and thereby helped in securing an 
intimate contact with the surface of the test-piece. To ensure further inti- 
mate contact aqua-dag was used. The diameter of the central electrode was 
1.5 inches while the inner diameter of the guard-ring was 1.7s inches A 
groove to a depth of one inch was cut at the centre of the central electrode 

to hold a mercury-in-glass thermometer. 

To condition a test-piece to a desired value of humidity, a desiccator 
containing the test piece fitted with electrods was first evacuated and then 
filled with humidified air of that value of humidity at room temperature. 
The humidified air was obtained by bubbling dry air through calcium chlo- 
ride tubes into humidity controlling jars containing glycerine solution of 
suitable concentration. An Edney paper hygrometer was fitted inside the 
desiccator to indicate directly the value of humidity to which a test-piece 
iwhs conditioned. A conditioning of the test-piece for at least five hours at 
any value of humidity was found sufficient. 


298 


S. S. Mandal and P. C Mahanti 


A heating plate on an abestos board was also placed on the bottom plat- 
form of the desiccator. By varying the current through the heating element, 
any desired temperature could be easily maintained within the desiccator and 
read to an accuracy ±o.i°C. from the thermometer fitted to the central 
electrode. 

To study the effect of pre-heating, the resistance of a test-piece was first 
measured at the room temperature and then heated successively to ioo°C, 
200°C and 3oo°C. At each such temperature the test-piece was kept for a 
sufficiently long time and then cooled down to the room temperature at 
which its resistance was again measured. 

The following procedure was adopted to measure the resistance of a 
test-piece. 

To begin with, K t was first plugged at i and then the potentiometer 
standardised. For this purpose the voltage from the standard Weston cell 
was applied to the gird by closing Kj at i. This produced a deflection in 
the galvanometer. By adjusting the two floating contacts of the galvano- 
meter in the bridge circuit and also the floating contact of the potential 
divider (r r ), a zero-deflection of the galvanometer was obtained. K j was 
next plugged at a, so that a voltage from the potentiometer was impressed 
on the grid. The dial of the potentiometer was then adjusted to the value 
indicating 1.0183 volts. This, however, produced a deflection in the galvano- 
meter. indicating that the current through the poteutiometer circuit had to 
be adjusted to bring back the condition of balance. This was done alone 
with the help of the rheostat in the circuit without disturbing the bridge- 
arms. It may be noted that the potentiometer thus stadardised could 
indicate directly a voltage upto 1.7000 volts and correct to the fourth place 
of decimal. Thus with the help of this potentiometer one can apply to the 
grid any voltage from o to 1.7000 volts very conveniently. 

After standardising the potentiometer as described above, a zero voltage 
from the potentiometer was applied to the gird and the bridge balanced by 
adjusting the bridge-arms The key K a was then plugged at 2. This 
allowed the current in the test-piece to flow through the standard high resis- 
tance J?!- The consequent voltage drop across the R, was, therefore, 
impressed on the grid. This disturbed the condition of balance of the bridge 
again. But by means of the potentiometer, the effect of the applicatoin of 
voltage from the standard high resistance was compensated by applying a 
voltage in the opposite sense to the grid and the balance of the bridge 
restored. The reading of the potentiometer thus indicated the voltage 
drop (e) across the standard high resistance. The resistance (R») of the test- 
piece was then calculated from the following relation : 
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where, E« total voltage impresssed across the inica test-pice and the standard 
high resistance in series. 

It may be noted that to determine the volume resistance (R r ) of the 
test-piece, the stress was applied between the lower and the upper central 
electrode, the guard-ring being earthed. When measuring its surface resistance 
(R,), the stress was, however, applied between the guard-ring and the upper 
central electrode, the lower electrode being earthed. 

The volume resistivity (p r ) and the surface resistivity (p,) of a test-piece 
of thickness (t) in inches were calculated as follows : 


Pv ~ 


nD e X .R 

At 


ohm -iflcli 


(2) 


P> = 2ir '^~ ohms (3) 

'° s 'ik 

where, D 0 — internal diameter of the guardring in inches 
and D r = external diameter of the upper central electrode in inches. 
Substituting the actual dimensions of the electrodes used, we have, 

p v — T.76S — * ohm-incli 
t 


p, =4.0853 R, ohms 


RESULTS AND DISCUSSIONS 

The data obtained to show the effect of humidity, temperature as wti I 
as preheating temperature on the resistivities of different qualities of Indian 
muscovite micas of different origins are presented graphically in figures 3-9. 
It will be seen from figures 3 and 4 that at the constant temperature of 
30°C both the volume and surface resistivities decrease with the increasing 
values of humidity, the variation in no case following a linear law. The 
effect of temperature ou the resistivities is very pronounced and the value of 
resistivity for any particular quality of mica changes very rapidly with the 
variation of temperature from its value at the room temperature (30°C) and 
normal humidity (60%). 

Because of the wide variation of volume and surface resistivities over 
the temperature range 30°C-30o°C, their logarithmic values have been given 
in figures 5-7. 

From figures 8 and 9. the effect of preheating of the samples to different 
tempreatures but at normal humidity 1 60%) will be evident. It may be 
noted that the effect of preheating temperatures on resistivities of the micas 
is similar to that as found previously ( Mahan ti and Mapdal, 1948) in the 
case of their power factor. 
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Fig. 3 

Kffcct of humidity on'vol. resistivity of Indian muscovite mica 

r. Hill or Red (Bengal Ruby), clear 

2. ,, ,, stained 

3. ,, ,, stained & slightly spotted 

4. Madras Green, clear 

5- ,* *> stained 

6. ,, , , stained & slightly spotted 

From the above results, one is led to infer that the moisture in mica 
plays an important role in determining its electrical behaviour, we know 
that the moisture associated with mica may be traced to the following 
sources, viz (t) water deposition on its surface and (ii) moisture deposition 
inside its interlaminar spaces, besides its usual presence as water pf 
crystallisation and water of constitution* 



Surface resistivity in io" 11 ohms 
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Relative humidity ('*;>) 


Fig. 4 

Effect of humidity on surface resistivity of Indian muscovite mica 

1. Bihar Red (Bengal Ruby) clear 

2. ,, ,, stained 

3. ,, ,, stained and slightly spotted 

4. Madras Green, clear 

5. », ,, stained 

6. ,, ,, stained and slightly spotted 


3 — 1832P— 6 
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o 100 200 300 

Temperature in °C 

Fio. 5 

Ktfect of temperature on vol. resistivity of Bihar Red mica 
j. Clear, 2. Stained, 3. Stained and spotted 



.9 

& 




o 100 200 300 

Temperature in *C 

Fio. 6 

Kffect of temperature on volume resistivity of Madras Green mica 

1. Madras Green, clear 

2. ,, stained 

3. ,, ,, stained and spotted 
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o ioo 200 ’ 300 

Temperature in *C 
Fig. 7 

Effective of temperature on surface resistivity of Indian muscovite mica 
r. Bihar Red, clear 4. Madras Green, clear 

2. ,, ,, stained 5 ,, ,, stained 

3. ,, ,, stained and spotted 6. ,, . , stained and spotted 



o 100 200 300 

Temperature iu V C 

Fig. 8 

Hffect of pre-heating on volume resistivity of mica 
Bihar Red : J Madras Green : 

Clear 4- Clear 

Stained 5. Stained 

Stained and slightly spotted 6. Stained and slightly spotted 
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o 100 200 300 

Temperature in °C 

Fig. 9 


Kflect of preheating 011 surface resistivity of mica 



Bihar Bed : 


Madras Green : 

I. 

Clear 

4 - 

Clear 

2. 

Stained 

5 * 

Stained 

3 * 

Stained andjslightly spotted 

6 . 

Stained and slightly spotted 
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ULTRAVIOLET ABSORPTION SPECTRA OF DIPHENYL 
IN THE LIQUID AND SOLID STATES* 

By A. R. DEB 

Indian Association for the Cultivation of Science, Calcutta 32 
(Received for publication , friar eh 25, 

ABSTRACT. The ultraviolet absoiption spectra of thin films of diphenyl of different 
thicknesses in the liquid state at 8o°C and solid state at 30°C and -180 ’C have been 
investigated. It has been observed that the very broad band lying in the region 2900 A 
2300 X in the spectrum due to the liquid is split up into two broad bands at 36306 and 
37386 cm’ 1 in the case of the solid at 3o°C. There arc also indications of broad feeble 
bands up to about 2850 A. When the solid is cooled to -i8o*C these feeble bands become 
sharper and are clearly resolved into nine distinct narrow bands and each of the two broad 
intense bands observed in the ewe of the solid at 3o°C, splits up into four components at 
the low temperature. The significance of Ihesc results lias been discussed It has been 
pointed out that these new feeble bands of the solid at -i8o*C wav be due to transitions in 
one of the plieii}! rings with the second one in the excited state 


INTR O I) U C T I O N 

Recent investigations on the absorption spectra of sonic organic com- 
pounds in the liquid and solid states at different temperatures including that 
of liquid oxygen (Deb, I 95 I<1 > l 95 l ^> 1 95 ' 2 > Swamy, I95 r > *952®. 1952W 
yielded interesting results. It was found by comparing the results with 
those for the vapour that the bands shift to longer wavelengths when the 
vapour is liquefied and they shift some times towards shorter and some times 
towards longer wavelengths with freezing of the liquid and cooling down 
to - i8o°C. Splitting up and sharpening of bauds, change of vibrational 
frequency, etc. were observed in some cases 011 eooliiig the substances to 
- i8o°C. ' The compounds studied in the recent investigations were mainly 
substituted benzene compounds. It was further obscr ved that the changes 
taking place in the spectrum at low temperatures are different in the case 
of different substituents. The general similarity in the changes in the 
spectra, namely the disappearance in the liquid state of the fine structures of 
bands of vapour state and their paitial reappearance at low tempeiatures is 
also not observed in some cases, for examples, in the methyl and ethyl 
benzoates, where the number of bands is the same in liquid and solid states at 
low temperatures and also the bauds do not become appreciably sharp at 
-i8o°C. 


^Communicated by Prof. S. C. Sirkar. 
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In the present investigation the absorption spectrum of diphenyl at 
different temperatures have been studied in order to find out whether the 
presence of a phenyl group as a substituent produces any remarkable 
changes in the electronic energy levels of the molecule. 

London (1945) has calculated the energy levels of diphenyl molecule 
from consideration of the perturbation of the original energy levels of 
of benzene caused by the presence of the second benzene ring. According 
to him, four electronic transitions to the ground state are possible at about 
2400 X, 1900 X, 1500 X, and 1400 X. The experimental results in the 
region about 2400 X by Seshan *1936) and by Becke [unpublished work, 
reported by London, (1945)] have been compared and discussed in the present 
investigation. 


BXPHRI M It NTH 

The experimental arrangement used was the same as that used by the 
author previously (Deb, 1951a). Chemically pure diphenyl obtained from 
Merck's original packing, was redistilled in evacuated double bulbs. A 
very thin film of the substance was necessary to produce bands and this was 
was obtained by the method described earlier. It was found that the thick- 
ness of the absorbing film which produced bands distincitly in the region 
2970 X-2800 X at low temperatures gave complete absorption for regions of 
shorter wavelengths. When the thicknesses was still further reduced it was 
possible to get bands in the region fiom 280c' X to 2640 X, beyond which 
again there was complete absorption. No bands could be observed at wave- 
lengths below 2640 X even when the thickness of the substance was reduced 
still further, though slight absorption was found upto about 2200 X, the limit 
of the spectrograph. Films of different thickness were used in the case of 
the liquid as well as in the case of the soild at different temperatures. 

vSpectrogi ams were taken on Ilford Q x plates using an Adam Hilger E 1 
quartz spectrograph which has a dispersion of about 4 A.U. per mm in 
the region of 2800 X. The exposure time was 8 minutes in the case of the 
liquid state and solid state at room temperature and 30 minutes for the solid 
at — i8o°C. Iron arc comparison spectrum was taken in each photograph. 
A hydrogen discharge tube, run at about 3 K.V. was the source of the 
ultraviolet continuum Micropholometric records of the spectra were taken 
using a self-recording microphotometer supplied by Kipp and Zonen. The 
frequencies of the bands were measured from these records in which the 
record of a known iron line at one end of the spectrum was taken as a 
reference line and the wavelengths were calculated from the known values of 
the enlargement (1.6 : 1) and the distances of the peaks from the iron line 
mentioned above. 
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RESULTS AND DISCUSSION 

The tracings of the inicrophptomctric records of the spectra are re- 
produced in figure i, and Ihe wave numbers of bands and their assignments 
are given in Table I. 


Tabi.e I 


Ultraviolet absorption bands of diphenyl 


Liquid at 8o°C 

Solid at 30 °C 


Solid at lSo^C 


v (cm' 1 ) 

Assignment 

Band rio. 

v (cm *) 

, Assignment 




and 






Int. 


1 

Continuous absorp- 






tion commencing 






at about 2900 A. 

Very feeble broads 

1 (rii) 

3375 1 

, "0 


absorption h u nips j 11 .** t 

2 (s) 

33011 

/'o + I Do 


prcceptible. 


3 (w) 

34 ? 10 

1 i'o 1 - 4*8 




1 w 

344 *" 

vn 1-709 




5 (s) 

346-' 7 

+ 709 4- 1 60 




6 (s) 

34«»3 

*'0 + 1 '43 




7 (w) 

35052 

' •'o + IV 11 






v y) j- M424- l6o 




8 (w ) 

353 59 

Uy-l- I 142 




9 (VvO 

35608 

»' 0 -flI42 4 - 7 O 9 

One structureless 

- — 

— — 

— 



band between 

36306 


1 (s) 

359 18 

"0 < A„) 

2850X-230: >X (with 



2 (V T s) j 

36191 

^0 f (B ( j) 

smaller thickness 

37386 

»'0 *1- 1080 

3 (vs) 

36 ii\s 

"0 1-537 (<V 

of the absorbing 
film) , 



4 (ms) 

5 M 

3674 '' 

37012 

' t'o+Hu (Do) 

! 1084 (Ai) 




* (ms) 

37371 

[ *' 0 4 - 10844-266 (B t ) 




7 (w) i 

37554 

, ^+1084 + 537 (^!) 




8 (w) 

37824 

v 0 4- 1048 + 812 (Dj) 


As pointed out by previous workers (Seshan, 1936, London 1045) the 
absorption spectrum of diphenyl in the vapour state gives uniform absorp- 
tion without any structure over the wide region between 2800 A. and 2200 A, 
although the bands due to benzene and most of the substituted benzenes lying 
in this region have definite structures. The substance, however, shows 
absorption having banded structures (Carr and Stiicklen, 1936) for other 
systems below 2000 A, which is beyond the range of the quartz spectrograph. 
On liquefaction, no change in the absorption spectrum is observed but with 
the increase in thickness of the film, the region at which absorption begins 
shifts to about 2900 A (figure r, curves a and b). The solid at 30°C yields 
a spectrum quite different from that due to the liquid. The single broad 
absorption baud splits up into two broad bands with centres at 36306 and 
37386 cm -1 (figure 1, curve d) respectively. The spectrum due to larger 
thickness of the absorber reveals the presence of very broad low absorption 
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Tracings oi ffi® * 39°oo 

g ° f the “'^Photometric record, of the absorb 

Curves (a, b) i, iquid at ^ °° Spoctra of d 'Phenyl 

” ( c * d) Solid at 30 °C 

Curve ® (a), (e), (e) and ,« (C/ ’/ ) Solid at -i8o”C 

"” 7 ' » - « * . «- - -* ^ «, 

Jumps between 2900 1 a nd , 7 c 0 1 / fi 

resolved as sharp absorption peaks when ftT *’ ^ C)> ' J hese *«mp. are 

mrfuced (e,,„r7a„d t ” ' e " P ' ra,Ure ° ( «“ Am 

ture C 3 f 8eS ' ^ aCh ° f tbe two broad bands^br'” Undergoes remark- 

tUfe ,s fo ««d to be split up into four ol ^ at the room tempera- 

Progress.ons (curve g). The wavenumLTdiff ^ * Mb * risetosev *»l 
components of the two bands is found » u*"** ** first 

to be 1084, which is equal to that 
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between the centres of the unresolved bands observed for the crystal at 3o"C. 
The new absorption peaks lying between 2900 A and 2750 A increase in 
height with the increase of the thickness of the absorbing film at — iSo°C 
(curve e). 

The analysis of the bands thus obtained offers considerable difficulty 
if all the bauds from 2963 A are supposed to belong to the same system. 
The degrees of absorption at the new bands also suggest that these may 
belong to an entirely new system. Probably in the liquid state the feeble 
bands are also so broad that they merge into one another. Angular oscilla- 
tions and translational motion of the molecules may be responsible for the 
for the width. In the case of the fairly thick film at 3o°C the bauds lying 
between 2900 A and 2750 A can be just identified but they are still very 
broad . 

Angular oscillations persisting in the solid may be responsible for this 
large width of bands. The solid film at -i8o°C yields sharp bands in the 
region mentioned above probably owing to cessation of the angular oscilla- 
tion of the molecules. These feeble bands have been assumed to belong to 
the first system and the bauds at 36306 and 37386 cm' 1 form the second 
system in the case of the solid at 3o°C. The weak system due to the crystal 
at 3o“C cannot be analysed owing to the large width of the individual bands. 
In the case of the crystal at — iSo°C the first band ot this system at 3375 T 
cm -1 has been taken as the o, o band of the first system. On this assump- 
tion progressions of frequencies t6o, 468, 700 and 1142 cm 1 have been 
observed in this system. 

In the case of the second system the difference in frequencies of the two 
bauds due to the crystal at 3o°C is 1084 cm -1 . Kacli of these two bands is 
observed to be split into four bands when the crystal is cooled to - iSo°C. 
Two alternative explanations can be suggested for this phenomenon. The 
difference between frequencies of successive components is about 206 cm 1 . 
Hence it can be assumed that this splitting of the bands is not due to the 
fact that the four components represent vibrational frequencies which are 
resolved only at — i8o°C owing to the decrease in theii width at the low 

temperature, but the splitting is due t<> the splitting of the energy levels by 
the intermolecular field in the crystal at — i8o°C Alternatively it can be 
assumed that the frequency differences 266, 537. 812 and 1084 cm 1 re- 
present four vibrational frequencies of the excited stale. In the case of this 

system only one of the phenyl rings is excited, the other being in the ground 
state. In the diphenyl molecule two carbon atoms of the two benzene rings 
are joined by C— C bond and the first feeble system may be due to energy 
levels of one of the rings when the second one is 111 the excited state. The 
difference in the excited state vibational frequencies observed in the case of 
the two systems may also be due to the fact that the frequencies of vibration 
while both the rings of the molecule are in excited states are lower than 
those for the first ring with the second one in the ground state. The transi- 

4— 1832P— 6 
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tion to the excited state of one of the rings when the other ring is at the 
excited state may lower the energy difference and this may be the reason why 
the feeble bands lie on the long wavelength side of the strong bands at 36306 
and 37386 cm” 1 respectively. The pnbabilhy of such transitions is very 
low and this explains the low intensity of the bands on the long wavelength 
side. 

The centre of the group of components in each of the two bands in the 
second system seems to be slightly on the shorter wavelength side of the 
corresponding bands observed in the case of the solid at 30°C. The bands 
thus shift towards shorter wavelengths with lowering of temperature of the 
crystal. Such a phenomenon has been observed in the case of many 
substituted benzenes fSwamy, 1952, 1953). The splitting of the broad bands 
at low temperatures may be due to formation of virtual bonds between 
neighbouring molecules in the crystal. 

Investigations with other substances are in progress. 

ACKNOWLEDGMENT 

The author wishes to express his indebtednees to Prof. S* C. Sirkar, 
D. Sc , F. N. 1 . for his kind permission to carry out the investigation in the 
laboratory of the Optics Department and for his guidance during the 
progress of the work. 


R E E E R K N C E S 


Deb, A. R., 1951a, hid. J. l’liys,, 26 , 233. 

m , 19516. ibid, 28 433 

» 1 . J952. ibicl > 26 , 201. 

.. . 1953 . ibid, 27 , 183 

Carr, E. and Stucklen, H., 1936, /. Client. Phys ; 4 , 760 
London, A., 1945, /. Chcm Phys., 13 , 396. 

Seshan, I\ K., 1936, Pioc. lnd. Acad. AY/., 3 , 148 
Sviamy, H. N., 1952a, lnd. 1. Phys., 26 , 119, 233. 

.. .. , 1952I), ibid , 26, 445. 

» .. . 1953 . ibid, 27 , 55, 



&7 


CLASSICAL THEORY OF CHARGED MESON 

By N. C. SIX 

Department ok Theoretical I’hysics, 

Indian Association e ok the Ci;i,*ivaTion ok Science, 

Jaiiavpur, CalchWa. 

T Received for publication, February 15, 1053) 

ABSTRACT. The equations of motion of the nucleon in interaction with the charged 
scalar meson field have bem solved classically and the values of total scattering cross 
sections of charged mesons by nucleons h ive been calculated. The influence of radiation 
damping has also been investigated. 

1 . It is wellknown that the scattering cross sections of various 
processes become increasingly large with increasing energies if no account 
is taken of radiation reaction in the quantum mechanical calculations. 
However, it is not always possible to find exact solutions tor scattering 
processes when the influence of radiation reaction is included in the mathe- 
matical formalism of quantum mechanics ; it is often very difficult to estimate 
the degree of inaccuracy involved in the approximate solutions. Hence 
arises the necessity of approaching the problem from the classical theory 
in which the treatment of radiation reaction is much simpler. This scheme 
was originally introduced by Dirac (1038) in his ‘classical theory of radiating 
electrons’. Bhabha (1939, 1941) and Harish Chandra (1946) extended the 
same method to the case of neutral meson field. It was not possible in 
Bhabha’s theory to consider the charged mesons which are experimentally 
observed. The charge formalism was introduced by Fierz (1941) for the 
case of vector mesons, but he did not consider the dipole coupling. 
The complete treatment of electrically charged vector meson field was 
given by Xe Couteur (1949). Recent experimental findings indicate, 
however, that the mesons involved in the nuclear interaction should lie 
described by the pseudoscalar field. Now in a classical theory there should 
be no distinction between the scalar and pseudosealar interactions. Hence 
it is worth while to investigate the case of electrically charged scalar meson 
field. 

2. In the charge formalism each field quantity is considered as a vector 
in a three dimensional space which we may call -‘charge space , denoted by 
three unit vectors a, / 3 , y The electrical charge density -an observable 
quantity — is represented as the y component of a vector (Lc Couteur, 1949)* 

We shall mostly keep to the notation of Xe Couteur ’s paper. We take 
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the fundamental metric tensor (the suffixes v, p i <r as usual run 
from o to 3) defined by g 00 = 1, 

gll^ “ *» 

with all the other components vanishing. Then vvc may describe the charged 
scalar meson field in interaction with the nucleons by a potential U and 
field strengths G /x which statisfy the following equations : 

G ^ — O/i U • • • ( 1 ) 

o^G'/x + x“U -/}7rS, • ** ( 2 ) 

where x—nic/h, m being the meson mass c and ft having* their usual 
meanings. 

and Q fl zz - . 

8 a /l 

The source densities S and are associated with the mesoiiic charge and 
dipole moment of the nucleons. The source densities arising from a single 
point particle may be assumed to be given by 

■K 

S= f s (n?Ax-zUj)dl, (3) 

— QC 

3 ;t — y z(l\)di, ( 4 ) 

where zjt) are the co-ordinates of the particle when its proper time is t 
(having the dimension of length) and S (i) and s ^t) are continuous and 
differentiable functions of /. 

From (ij and (2) we have 

(3 M 8/x + X 2 JU = ^tt(S + ... ( 5 ) 

Previously, in Bhabha‘s theory (Bhabha, 19.40) it was not possible to 
consider a charged meson field classically because of the commutability 
of all quantities in the classical thcoiy. This difficulty is removed by 
defining the charge current vector J y h as the 3rd. component of a vector 
product denoted by the symbol A -of two vectors in the charge space. Thus 

A H* (6) 

with the help of (i) and (2) we get 

{s a u-s; A (7) 

The energy momentum tensor is given by 

4nT,^G,Q„ - la.,|GpG„ -X s U a }. (8) 

Hence we get after use of (1) and (2) 

Q'r„v =G„(S + 0 ''S„)=G m S -Q'GpS p + 0 "(GpS P ) . (9) 
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It is seen from (7) and (9) that in a source free region 

Q/*/v /4 — u and 9 ' , T„ v = o 

The angular momentum of the meson field is given l>y 

M„ l>A = .r / .T,A- X,.T llX . ... ( 10 ) 

Hence 

8 a M / 4i .,\ — a /4 0 x 7',\ — \\r K T,,\. ... (n) 

With the help of (9) we get 

= A n SG V - A „ 3 xo A G„ - S „G, 

- a;sg, + a v 8 *©■' G^ + S ,G 
+ 9 x {a' m G„Sa-.iCvG a Sa}. ... (12) 

I*et us now determine the electric charge current density /y'* and the 
average value of the energy momentum tensor for the special case of the 
plane wave as we shall require these afterwards for the evaluation of the 
scattering cross section. Following I,e Couteur (1949) we have 

U( — Ac sin (w / ,.v'* + fr f), £ = *, ft or y. ... (13) 

Then from equation (6) 

Jy[‘= AaAfi sill (<r„ — <r ft ), ... (14) 

and with the help of equation fS) the average value of the energy momentum 
tensor is given by 

Tu v = T av-),.A a - ••• (IS) 

Sa- 

For a stream of positive or negative mesons we assume 

A a = dg, Ay — o and <r«= s fr« T Jjr, ... (14a) 

and in the case of neutral mesons 

A a = Ap — o. 

3. The equations for the rates of change of the electric charge Q, 
the energy momentum A,, and the angular momentum carried by the 
nucleon are derived from the method of inflow calculation given by Harish 
Chandra (1946). In these calculations we have to use modified mean fields 

defined by 

JJ ! maul s- U m -f- J U 1 r,lf \ 

and G = G 1,1 + JG' rn ''. ... (16) 

Hereafter we shall write U for U ane G„ for 0 %"'"". Then from ( 7 ), (9) 
and (12) 


= * {-s AU + b,A G"} 

dt nc 


... (17) 
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dA „ 
dt ' 


= -sG„ + b p 0 pG^. 


dty _ 
d< 


— £ /t sG „ + 2 ^sxS x G v + s u G v 


+ s„bG /1 - 27 s a S a G„-s v G^. 
The spin angular momentum D ^ is given by 


dB^ 

dt 


dbfiv 

dt 


d 

dt 


(z fxA y z v Aft) 


— (s^G y 1 ' s ,.G (v 1 v v i /A f 


(x8) 


(19) 


(20) 


where v M = 

dt 

Wc may split any vector into two parts (i) one orthogonal to velocity 
Vf, denoted by the sign ~ overhead, and (ii) the other parallel to v Thus 
the dipole source function s^, is split as follows 


S„ = 8„ + S*; 


where B^v 1 ' — o and S*—B ll v 11 . 

It has been shown by Harish Chandra (1946) that with respect to the 
field producing properties the contribution of the part S* can be included 
within that of the charge function 8. Hence without loss of generality 


we can lake 8^=8^. 

Therefore 

S^ M =0 ... (21) 

We now express the source functions s and s,. in terms of t the classical 
analogue of the quantum mechanical isotopic spin vector. We assume 

s = g*, ... (22) 

... (23) 

where g and f are coupling constants. 

g has the ditneuson of electric charge and f has the dimenson of electric 
dipole. 

From (21) we see that SuV* — o. ... (21) 

Thus in the rest system of co-ordinates v^ — (1, o, o, o), s 0 =o and the spatial 
parts are different from zero. In analogy with quantum mechanical results 
we assume that 


** = x so that — o, 

dt 


(24) 


and 


— 1 


whence s? — — =0. 

dt 


(25) 
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Let ®/»»/w be a tensor which is antisymmetric in each pair of indices and 


* 0123 — I. 

Then 


i *ttvp,rV'‘S' T . € f "' n ' r V p S,r= a l. 


Hence 


*ltvl<vV l, S’ r .— (t-. l>vl " r VpS <r ) ~ °- 

at 


Further 

V f, S’ r G l t,. lw Vl‘ = V >’s' r e /t ,. r , r V ’• — V n J rr f,t v prS M = V = «. 

After use of 122) and (23), equation (17) is given by 

From this we get following L,e Couteur 

%=£ c * A {gU-jsfix + q]. 


Iyet us write 


^1 ft ~~ A p 1^1 V ft 1 


where ApV lt = o and M* — A^v 11 , 
and 


6 , = 0, + GV 


where 


GuV^^o andG* = G„r / ‘* 


Then contracting equation (20) with v v and using (21), (31) and (32), 
we get 


A dU 

Aft—dt * " df ’ 


••• ( 3 ») 


dM * = v * d A± + / 1 


... (34) 


With the help ol equations (33), (18) and (32), equation (3.1) may be 
written as 

*-£=-**§ *»'is- + *Sr t'-M l u t- - <»> 

From (28) and (20) we see that 


fe^X) pSa-——— = O. 

at 


On account of (27) and (28) we may take 




df df 


... (36) 
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where T is a constant and V„ is an arbitrary vector. 

From (20) and (36) we have 

s” + v r ' ~~ ^ =s li (f‘tQ„+ V„) — s v (fxG h + V„) 

-(v^A v -v v A»). (37) 

Multiplying both sides by and using (Harish Chandra 1946) 
we get 

tf r»- *-f »•) + f S * ->» , 

dt dl ) \ dt dt j 

= s„(/t G v + V,)*"*-VtA v e^P. (38) 

Omitting the parts proportional to or v v the equation (37) may be written 
as follows : 

I«W<rV •• ~~ —si /tG, + — si f’eK},. + F,A (39) 


(iU 

Contracting equation (38) with vp ( f*G a + V a —frv — j, 


we obtain using (21), and v,, 


, ds" ( n dU \ 

h -dT \ G - <(i ) 

Also with the help of equation (28) 


ds a I7 ds tt „ . . 

+ i, v -~ IT r, '» K ” 


A T ,'=- e dv " 

dt { ll ' r 5 ] dt w 4 dt dt 


Hence from (21) and (30) we get 


dB.,_d^ v , ^ d f-v' = d *“ I \.T'V 
d/ d( dt dt 


Therefore equation (35) may be written as 

dI '- ' = 4 \ -^V + fts.O' W d A fU-/.,.o4 


#-3i i 


Using (40) and (30) we finally get 
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Now q and V ik may be so chosen that 

* A Q, U*V r -s.Vn) and **q- d l f* V 

at di 

are perfect differentials. 

The simplest solution of course is q = o, Another simple 

solution is 

... i.,.,) 

dt dt 

With the help of (.pi) the integration of (43) leads to 

m--..i--^o + /,o^ + J7 - '-is' 

Where m* is the constant of integration. 

Thus the equation of translational motion is solved completely. 

4. We now evaluate the modified radiation fields U' rfl<1 and O' at 
points z,k (/) on the worldline of the nucleon. Following the calculations 
given in Harish Chandra’s paper (1046) we obtain 


p (s,« U>)'' 


2X [ S J' l Ml dt' 
J It 


_ * s _ , ds u dv _ d 2 j,r 

S "T* dt dt “ dt * 

+ 2x 2 / u" s„ JA di,. 

J U 


and G 


/*(-/* (O) 


_ 2 S ^%_ da d r„ _ 2 d'« r „-y 2 sv„ 
d/ 2 dt dt dt * 


■ax* f ... 

»/ M 


dV’ 8 

dB ' ( V 

d 2 v ,r 

a • 

d 2 V; 

d/ 2 :i 

df \ 

d< 

d< 2 

/ dv- 

1 

4 - 

v- ) - 3 

dX 

\ * dt 

dt 

1 



+ X*f ^ ... 


dt dt 


5 — 1832 P — 6 
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+ 2X -1 f S H ton) dt'-2X i f dt\ ... (47) 

J u J u 

—or — x 

where t 4 n = Xp — z»(t), being the field point and w= f (u^u *) 1 ! 2 j. 

in the above calculations we have neglected terms of the second degree 

1 1 2 

in — , and used the relation sJV r = o. 

dt dt 2 

In the rest system of co-ordinates ?>=( 1, o, o, o), M 1 = w 2 :== ti3 eBS o and 6 0 = o 
so that w (r s L , = 0, 

t X 

and u=t — l' whence, j* dt' •= J du. ... (48) 

~ar 0 

Hence in this system of co ordinates, equations (46) and *47) can be simplified 
as follows : 


at 

U ' 10(1 d ^ f J 7 

2 £X J u du, 


( 49 ) 


j #-1 ' r(,f i »* . 2 

and G (=>(f<) = ~ - *V*-tfX^V+2£X 


/ 


J’JXu) 


du 


u 


+ 2 d n S ). . 2 ds„ , 

+ * d? X dt +2X 


, r s .Mx 
1 J S " t? 


(x«; 


Further equation (39) may be written in view of equation (44) 


as 


dM 

dt 


M, / * H — K 


. d 2 M~\ 


dt* j’ 


(50) 


(5i) 


where M is a three dimensional vectot in ordinary space with components 
Sit *2- s 3 ; Mkftlk~ it and H is a vector in ordinary space with components 


Gj, G 2 and G,. [A, B] denotes vector product of vectors A and B in ordinary 
three dimensional space and (A It) denotes their scalar product. Similarly 
equation (30) becomes 


di 

dt 


With the help of (48) and (50) we have 

fi -* +*(’"+*?, i f + ® M ) 


f5*> 


tM -WSSi d«. 

u 
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Hence equations (51) and (52) become 

I~ ! M, 


and 


dt* 


{m, 

dt dt 2 


dM \l dM 
dt 2 dt 


+ -- ~ +X 2 -'/ J ^-du 


U 
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(SD 


d*__ 2* 


Lt 


d i-fcA #-/(«« >i- v: a 

2 ' * ~^ d ' + x ( tii IE; 

y a 


(i 2 -C 

dt 3 


A *■ 


jdt 


du 



M 


d a M 

dt a 


\d-c + M 2 d 3 x 

) dt. 3 dt 3 


*?-%+** 


Of 

■f 


tM, 


d«*t 


• •• (52) 

5. We now try to solve the above equations assuming the incident 
field to be weak and simply periodic with frequency u>. Equation (51) 
agrees with Le Couteur’s equation (61) (L,e Couteur, 1940), the solution of 
which is given by Bhabha in his neutral theory. We shall neglect the 
periodic oscillation of velocity. 

To solve equation (52) we assume with L,e Couteur that 


* = aY + e 1 «i sin (o»f + <r , ) + e 2 (t sin (u)t+ir„) l (33) 

where a*»±i depending upon whether the particle is initially a neutron 
or a proton, further and '•- 3 ire quantities of smaller magnitude. To 
evaluate the radiation damping terms we notice that the terms proportional 
to / a are the same as in Le Couteur’s paper except for a factor $. Hence 
we need evaluate only the terms proportioual tog 2 . Ws shall carry our 
calculation for the case u> > X as needed for the evaluation of the scattering 
cross section . Thus we get the radiation damping term 

~ Pay + Rep* COS {ml + oq) + cos (<af +<r 2 ), ... (54) 

where P=2g a x+§/ a M a x\ 

and i?=-2g 2 (a> a -x i ) 1/2 +S/ a M 2 (« U a -x 2 ) s/2 . ... (55) 

Substituting (54) in (52) we obtain two equations by equating the co- 
efficients of o and 5 on both sides. We write 

= 8, sin mt + cos tot, 

|gU* u — /^MH m ^| = sin^a)t± ^ +8 S cos^uifi ? ... (56) 
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Comparing with (14 a) we associate the ± signs wilh the positive or the 
negative meson, further we take 

^ = ( r i±^/2ancU J = £ 2 = f, ... (57) 

where cr 1 and e are determined by the following relations : 

cos n- , __ sin cr 1 ( 5 s) 

S 2 R + < 5 ^ + — + H- <^2 ^ i — /-w 2 + 

and 

t 2 = 4 (V + S a 2 ){( +J? 2 } 


_ 4 8^ + 8/ 

fev- ' ,? ” 



••• (59/ 


6 . 


The contribution of 

Ai 


to the 


scattei ing cross section is of 


secondary 


importance and we need consider the contribution of — only. The variations 

dt 

of the charge function and the dipole function are respectively given by 
g— and /A/—. Hie retraded potentials induced are respectively 

f f[ “ &in { - V 0>*-x s . r O-, | + [$ sin{ „>t- v . r + <r 2 |], ... (60) 

and 

v 0/ ~ X 2 ^ « COS *1 v>l — s/ U) 2 — X 2 . r 4- tr J | 


+ 3 cos | ;ot - */ «u a - X 2 . r + <r 3 jj. 


(61) 


The average of radial current density over all directions of orientation 
of M according to (14) and (14a) is given by 



g s + / 2 M 2 (o, 8 -x*> cos"** 


(62) 


where 0 is the angle between r and M and the bar denotes an average over 
all possible directions of r with respect to M 
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I,et the ineideut meson wave he Riven by 
U = A £ « sin ■|o>.v“ — V <■>*’ — x*.v' j- + [5 sin|i.».v" - s/ «.i 2 — x*. \'± ~|j, . . (03) 

the corresponding current density being given by 

± I — %r l-V *•*“ — X~ - - 1 2 ••• (64) 

\ 4n-nr / 

Comparing equation (63) with (56) we get the values of and < 5 ;. and 
substitute these in (59) to calculate < 2 . Thus from (62) and (64) the total 
cross section is given by 



where 6 is the angle between M and H 1 ". 

In the quantum theory of nucleon spin i wc have 

cos s 0 ~ cos 2 ^ — 1 and M 1 ~ 3. ... too) 

7. To compare with experimental results we put L=o as has been 
done by Le Couteur (1949). As the values of the coupling constants in the 
pseudoscalar field are arbitral y to the extent of the cut-off distance, we 
assume, for our purpose here, their values to be the same as determined 
for the Mbller-Rosenfeld mixed field from the deutcron binding energies ; 
g 2 j}ic = . 024 and f*x 2 /%c~ .oq 6. The theoretical results arc shown in curves. I 
and II in figure 1. curve I f ±a— — 1) gives the scattering of (negative/positive) 
mesons by (neutrons/protons) and curve II (±a~i) gives that of (negative/ 
positive) mesons by (protous/neutrons). curve I shows that the maximum 
value of the scattering cross section is reached when the incident meson energy 
is 210 Mev ; in case of curve II the corresponding meson energy is 270 Mev. 
The experimental results, though not very reliable, indicate that the maxi- 
mum value of the cross section of the scattering of positive meson by proton is 
reached for 180 Mev energy of the incident meson. It may be mentioned 
here that the maximum values as obtained by Le Couteur (1949) for the 
above cross sections in the vector field with the same coupling constants 
occur round about 140 Mev meson energy. So it appears that in the 
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Meson energy in Mev 

pseudoscalar field the maximum value of the cross section is reached at 
meson energies higher than that in the vector field. 
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ON THE RAMAN SPECTRA OF SOLUTIONS OF 1,2, 3- 

TRICHLOROPROPANE* 
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(Received for publication f *M arch 3, toss) 

ABSTRACT. The Ratnan spectra of solutions of 1, 2, 3-trichloropropane in methyl 
alcohol, cyclohexane and dioxane have been investigated and microphotometric records of 
the spectrograms have been reproduced. It has been found that the line 872 cm" 1 of i, 2, 
3-trichlorc propane diminishes in intensity greatly when the liquid is dissolved in dioxane. 
In the case of the solution in methyl alcohol also the intensity of the line seems to be 
slightly smaller than that in the case of the pure liquid. In the case of the solution in 
cyclohexane no such changes in intensity arc observed. The line 83 cm - 1 also diminishes 
in intensity with dissolution of the substance in dioxane. In the case of o-chlorotoluene 
the intensity of the line 164 cm' 1 is found to diminish appreciably when the liquid is 
dissolved in benzene to make a dilute solution but no such diminution is observed in the 
case of solutions In either acetone or methyl alcohol. 

INTRODUCTION 

It was reported previously (Hariharan, 1952) that the intensity of the 
line 162 cm" 1 of benzoylchloride diminishes to a large extent when the 
liquid is dissolved in benzene. The Raman spectra of solutions of a few 
other liquids in different solvents were next investigated and it was found 
that of these, solutions of t, 2, 3-trichloropropane yielded some interesting 
changes. The results have been discussed in the present paper. 

EXPERIMENTAL 

The liquids chosen in the present investigation are e-chlorotoluene and 
1, 2, 3-trichloropropane which were supplied by Kastman Kodak Co. f 
U. S. A. They were distilled in vacuum before use The solvents were 
also of chemically pure quality and were distilled in vacuum. The Raman 
spectra of the pure liquids u-chlorotoluene and 1, 2, 3-trichloropropane and 
of the solutions of the former in benzene, methyl alcohol, and acetone and 
of the latter in cyclohexane, methyl alcohal and dioxane were photographed 
with a Fuess glass spectrograph having a dispersion of 12.5 AU. in the 
4000 A.U. region. The Wood's tube containing the solution was provided 
with an outer jacket containing a dilute solution of sodium nitrite which 


* Communicated by Prof. S. C. Sirkar 
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cut off all radiations of wavelengths shorter than 3800 A. U. This removed 
the continuous fluorescence which was observed in the case of solutions if 
no such filter was used. Ilford Zenith plates were used for photographing 
the spectra and they were developed under identical conditions. Microphoto- 
metric records of some of the spectrograms were taken with a Moll type 
self - recording in icr ophotometer . 

The depolarisation of the Raman lines of pure i, 2, 3-trichloropropane 
was also studied by photographing the horizontal and vertical components of 
of tile scattered light simultaneously using a Wollaston’s prism of quartz. 
As light from a mercury arc focussed with a coudcnsor was used as incident 
light, the spectrogram did not give the correct values of p, the factor of 
depolarisation, but to get an estimate of the errors due to convergence and 



Fig. 1 

Microphotometi ic records of Raman Spectra of o-chloratolueue. 

(a) Pure liquid at room temperature 

(b) Solution in benzene (1 '.4 by volume) . 

( c ) Solution in acetone (1 :4 by volume). 
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ci i r 
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Fig. 2 

Microphotomctric records af the Raman spectra of i, .H* icliloroprnpane 

( a ) Pure liquid at room temperature. 

(b) Solution in dioxane, 30 by volume. 

(r) Solution in cyclohexane, 30% by volume. 

(d) Solution in methyl alcohol, 30 by volume 

loss due to reflection at surfaces inside the spectrograph, the depolarisation 
of the Raman lines of carbon tetrachloride was studied under similar condi- 
tions and from a knowledge of the approximate values of p, thus found, and 
of its true value, the correct values of p in the case of the other liquids were 
estimated. 

results 

The preliminary examination of the spectrograms revealed the fact 
that the intensities or positions ot the Raman lines of o-chlorotolucne do not 
change markedly when the liquid is dissolved in either methyl alcohol or 
6— 1832P-6 
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acetone, but the line 164 cin~' seemed to be a little weaker in the case of the 
solution in benzene than in the case of the pure liquid, as can be seen from 
the microphotoinetric records reproduced in figure 1. 


Tablk i 

Raman spectra of 1, 2, 3-trichioropropaue. 


Pure Ikniid at 28°C 

Solution in dioxanc 

f 

Solution in 




cycle hexane 

Present author 

Koblrausch and 




Ypsilanti (1936) 



83 (2) e, k, + I) 


83 (0) e 

83 (0) e 

J04 (1) e, k, 1 ) ! 

1 

140(0) e 

140 (0) c 

176 (i) e, P 


176 0) c 

176 (0) e 

187 (1) e, P 

< 188 (O) 

187 <o) e 

187 (0) e 

230 (1) e, k. P 

227 (O) 

230 <o) c 

230 (t ) e 

290 (loH-e, k, i, P 

aS8(s) 

290 (5) + e, k 

290 (8) +e. k 

356 (4) e, k, P 

3S6 (2) 

336 (2) e 

356 u) e 

386 (2) e, P 

381 fi • 

386 (1) e 

386 (3) e 

418 (2) e, I* 

1 412 ( I ) 

418 (i) e 



1 


422 (3b) e 


I 

436 * (4)c 


523 (4) e, k, D 

510 (3) 

523 *3) c‘. k 

523 ( 3 > c 

632 (1) e 

6^8 (1) 

632 (i) e 


668 (10) +e, k, P 

660 (6) 

668 (5) + r, k 

668 (8) + c, k 

718 (4) c, k, P 

716 (4) 

718 (3) e, k 

718 (3) e 

752 (10b) e, k, I> 

746 (S) 

752 16) e, k 

| 732 (S) 0, k 



835 * (10) e, k 

801 * (10) c, k i 

872 f4) e, k, D 

863 (2) 

872 fo) e 

S72 ui c 

go6 (1) e, P 

qo 6 (01 

906 (0) e 


933 (1) c, P 

93 i ( 9 ) 



995 (2) e, P 

990 (J) 

995 (0) e 

995 (1) e 



1015 * (12) e, k, i 

1029 * (8) e, k 

1OQ4 (ib) e, P 

1090 (J) 





1 106 * (6) e, k 


1190 (3b ^ e, k, P 

1198 (2) 

iiqo (2b) e, k 

1190 (2) e 

1280 (5) v , k, P 

1283 (3) 

1280 (1) e 

1267 * (10) e, k 



1304 * (10) e, k 


1346 (1) e, P 

1338 (s) 

1346 (2) e, k 


1438 (6b) e, k, D 

1432 (3b) • 

1438 fio) e , k 

143S (10b) c, lc 



2660 * (1) e 

z66o * (2) e, k 



2718 * (2) e 

2689 * (1) e. k 

2790 (1) e, k, T) 


2800 * (5 c 

2799 * (3) e, k 

2860 (1) e, k, P 

286o" : (2) 

2860 * (5) e, k, i 

2860 * (10) e i k 



2888 * .3) e; 





2925 * (it) e, k, i 




2935 * (10) e, k, i 

2960 (10b) e, k, i, P 

2960 (10b) 

29^0 fiob) e, k, i 

2960 v8) e, k 

3014 ( 3 ) e, k. r> 

3<>> 8 (6) 

3014 (Oe 

3014 (2) e 


N. B. Lines marked with asterisks are due to the solvents. 

In the case of 1, 2, 3-trichloropropane, however, some changes were 
observed in the spectra with the dissolution of the substance in different 
solvents. The microphotoinetric records of the Raman spectra of the pure 
liquid and its solutions are reproduced in figure 2 to show these changes. 
The lines observed are given in Table I. The nature of polarisation of the 
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lines obtained are shown by letters P and D indicating values of p less than 
and equal to 6/7 respectively in Table I In which the data have been 
tabulated . 

DISCUSSION OI*' RKS IT I„ T S 

It can be seen from a comparison of figures 2(a) ami 2(b) that the 
relative intensities of the lines 523 and S72 cm -1 are almost the same in the 
case of pure 1, 2, 3 _, *richloropropaiie while the latter line is much less intense 
than the former line in the case of the solution of the liquid in dioxane. A 
comparison of figures 2 (c, and 2(d) also jdiows that the two lines mentioned 
above are of the same intensity in the east of the solution in cy< lohexanc 

while in the case of solution in methyl alcohol again the line S72 cm* 1 is less 

intense than line 523 nif’. I11 comparison with the intensities of the other 
prominent lines, e. g., tile line 290 cm -1 , the intensity of the line 523 cur 1 
is iound to remain the same in the solutions in the tliicc different solvents. 

It is, therefore, evident that the intensity oi the line S72 cm* 1 diminishes 

markedly when the liquid is dissolved in either dioxane or methyl alcohol. 

As can be seen from Table I, the line S72 cm' 1 has a factor 

of depolarisation of the order of 0.87 while the line 1438 cm' 1 is also totally 

depolarised. Probably the line 872 cm -1 is due to a mode of vibration of 
the group C-C-C, and the diminution of the intensity of this line probably 
indicates that the line is not due to a single molecule. As lii-.hui (1952) 
has shown that all the lines of 1, 2, 3-trichloropropanc persist when the 
liquid is solidified and cooled down to -i8o°C the question of co-existence 
of two isomeric forms in the liquid state does not arise. The line 872 cm* 1 

therefore, may be due to some form of associated molecule, the munber of 

which diminishes when the liquid is dissolved in either dioxane or methyl 
alcohol, but the solvent cyclohexane has no such effect. Visual examination 
of the spectrograms show that the line 83 cm -1 also diminishes appreciably 
in intensity when the liquid is dissolved in dioxane. 

The x, 2, 3-trichloropropane molecule cannot have any element of 
symmetry. The fact that the line 143S cm** 1 is totally depolarised, 
therefore, indicates that it is the symmetry of the two CH 3 groups, the 
deformation C-H oscillation in which gives rise to this line, that determines 
the polarisation of the line and not the symmetry of the whole molecule 
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MEASUREMENT OF FERROMAGNETIC PERMEABILITY 
AT MICROWAVE FREQUENCIES* 
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Ivstitutr or Radio Piivsics and Elkctkonics University of Calcutta 
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ABSTRACT. The illative apparent permeabilities of soft iron ami nickel (in the 
form of thick plates) arc measu led at a free-spacc wavelength of .-52 ems The method 
of measurement, which employs a resonant cvliiulrical cavity, is described. Expressions 
arc derived relating the permeability, nn with the cavil v parameters and the resonant 
frequency. Approxniate relations, from which y-i can be easily calculated, are given. 
The method gives value of yit accurate within a few per cent The effect of machining 
inaccuracy of one of the end walls of the cavity on the measurement of R. F. permeability 
is also discussed. 


1 1 NTRODITC T I 0 N 

The magnetic properties of ferromagnetic materials at v. h. f. and higher 
frequencies have been the snbjecl of extensive studies in recent years. With 
the development of microwave technique during the war, it has been 
possible to extend these investigations to l he ftequeney ranges of these 
waves. It has been found that the behaviour of ferromagnetic materials at 
such frequencies is not at all simple. Amongst other interesting effects, 
mention may be made of the dependence of the permeability on the 
frequency, on the magnitude and direction of the polarising d. c. magnetic 
field and on the surface conditions, temperature and tension of the sample. 

The R. F. relative permeability can be expressed in terms of two real 
numbers, f« and /*?., called apparent permeabilities, or by a complex 
number. It has been shown that fin > Ft and that with the increase of 
frequency both nn and Ft decrease. The different methods that have 
been developed for the determination of R F. permeability are all based on 
on the measurement of the impedance of a circuit element containing the 
ferromagnetic material under test. Some examples of such methods, as 
have been employed, are given below. 

Johnson and Rado \i94g) have determined both components of the 
complex permeability in the frequency range 200 to 975 Mc/s (as a function 
of a polarising magnetic field parallel to the H. F. field) by measuring the 
changes in the quality factor and in the resonant frequency of a half wave 
coaxial resonator, the inner conductor of which was of the ferromagnetic 
tnetal under test. Briks (1948) lias determined the complex permeability 
by measuring the relative characteristic impedance and propagation 

* Communicated by Prof. S. K. Mitra 
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constant of a section of a rectangular guide filled with the substance in 
question in paraffin wax base. Griffiths (1946) has used a cylindrical cavity, 
with one of its end walls covered with a thin layer of the metal under test 
(electrolytically deposited), and has investigated the ferromagnetic reso- 
nance of the substances by measuring the Q of the cavity. 

In the method adopted for the present investigation, a cylindrical cavity 
made of a non-magnetic material with one detachable end plate is used. 
The resonant frequency and the quality factor of the cavity are measured, 
once when the detachable end plate is made of the non-magnetic material 
and again when it is made of the ferromagnetic material under test. These 
measurements enable one to evaluate the pu of the test material. The 
method is more accurate and, from certain expressions that have been 
derived, the calculations are made very simple. The method, is, however, 
not suitable for measurement of as this involves changes in the resonant 
frequencies of the cavity, too minute (0.0001%; to be detected with the 
equipment. Experiments are, however, in progress to develop a sufficiently 
precise method and the results will be communicated in due course. 

2. E X V K R I M K N T A h A R R A N G K M I< N T A N D M E T II O l> O V 

M K A SURE M E N T 


A schematic diagram of the experimental arrangement is shown in 
figure 1 (a) and a photographic view of the same is given in figure 1 (f>). Brief 



Fig. 1 (a) 

Block diagram of the experimental arrangement. 


descriptions of the main units of the arrangement are given below. A 723 
A/B klystron c. w* oscillator, having a stabilised power supply is 
used as the signal generator. A smooth variation of the frequency 
is obtainable by controlling the reflector voltage of the klystron 
round the optimum value. The singal generator feeds, via a coaxial-to- 
waveguide transition unit, into a four-hole directional coupler , 
the main branch of the directional coupler is utilised for the standing wave 
measurements and the subsidiary branch of the same for frequency measure- 
ments and monitoring. A fixed 10 db. attenuator and a variable precision 
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I** it;. i(<>) 

Mjotogruplm view of the c\p<. rimej.tal arrangement 



Fig. 2 

Test cavitv resonator with detachable end wall. 


attenuator are interposed between the directional coupler and the standing 
wave nieasuienient line (waveguide). The minimum attenuation between 
the singal generator and the load (i. e. the test cavity) is thus, including the 
2.5 db. loss in the co-axial cable, 12.5 db. which is sufficient for eliminating 
any interaction between the two during the standing wave measurements. 
This means that the generator is always looking into a matched load. 

The standing wave measurements are carried out by a precision wave*guide 
slotted section together with a broad band probe detector unit. The probe 
detector unit is tunable over a frequency range of 1,000 to 12,400 Mc/s and 
consists of three co-axial cylinders acting as two co-axial line pairs in series. 
The depth of the probe tip insertion inside the guide is adjustable and is always 
kept less than 1/32^ inch to minimise the distortion of the field inside the 
guide. The probe supplies power to a IN 23 crystal, which is held in 
pressure contact with the innermost conductor (the same conductor as the 
probe) of the co-axial line system and is used for R. F. detection. A 40 A 
full scale unipivot type d. c. microammeter measures the detected current. 
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The cavity under test is a right circular cylinder of brass with a 
detachable end wall, either of brass or of the l'erioniagixiic metal, as shown in 
figure 2. The cavity is coupled to the waveguide section (I. 1). o.i>" x 0.4') , 
the broad side of which is parallel to the cavity axis, by a small circular 
hole (0.285" dia.) in the middle of the cylindrical wall of the cavity. lly 
this method of coupling, only the rii..,, mode is excited, b'mthei, the end 
plates of the cavity are made accurately perpendicular to the cavity axis 
to prevent the simultaneous excitation of the degenerate TM m mode which 
is undesirable. The resonant frequency of the cavity is dependent, amongst 
other factois, on m of the material of the end plate. 

The voltage standing wave ratio (V- S. W. R.) at any frequency due 
to the test cavity was measured as follows. The detector carriage was placed 
at the minimum voltage position and the detected current and the position 
of minimum noted. The probe was then moved to the adjacent maximum 
position and the detected current was bi ought back to the pluvious minimum 
current value by the piecision variable attenuator. The attenuation 
introduced by this attenuator was thus a mcosuie of the V. S. W. R. The 
readings were checked for several minima and maxima. 

The coupling hole between the test cavity and the waveguide section 
acts as a lossless transformer At a eeitain reference plane in the cavity 
coupling system, the waveguide Hue (chaiacteristic impedance / 0 m the 
equivalent transmission line circuit 1 looks, at resonance, into a pure resis 
tance, R which accounts for the total loss inside the cavity. 1 11 general, 
the ratio Z 0 /R may be greater, equal to 01 less than unity depending, 
amongst other paratneteis, 011 the diametci of the hole and the wall thick- 
ness. Referring to the Smith chart, it can lie seen that if /„/ R > 1, tlx 
position of the minimum in the slotted standing wave- measuring guide 
shifts ri om that at resonance by a quarter guide wavelength at frequencies 
far off resonance ; whereas, a shift of the minimum, much less than a 
quarter guide wavelength, indicates that Z „/ R is less than unity. By apply- 
ing the above test the coupling parameter, Z„/R of the test cavity was, in 
all cases, found to be less than unity. 

For the accurate measurement of frequency difference ofi lesonancc, a 
wave meter is used in the secondary branch of the directional coupler. The 
wave meter (figure 3) is of a special reaction type and consists essentially of 
a brass cylindrical cavity. For the adjustment of its centre frequency, a 
brass rod 9/32 in. diameter is fitted and soldered faftei adjustment) in the 
centre of one of the faces along the axis of the cavity. For the fine adjust- 
ment of frequency a much thinner rod, 1/8 in. in diametet , is fitted to a 
micrometer screw head to slide parallel to the axis at a distance of 23/ 32 in, 
from the centre. The wavemeter is calibrated separately and the wave- 
meter guide circuit is terminated in a matched IN21 crystal unit. The 
crystal current also served the purpose of monitoring the R.F. power when 
the wavemeter was tuned off resonance. It is to be noted that since the 
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attenuation introduced by the directional coupler between the primary and 
the secondary guide circuit is 20 db, it is ensured that there is no pulling 
effect between the singal generator and the wavemeter circuit. As the 
quality factor of the test cavity is very high, the difference in frequency that 
is to be determined round the resonant frequency of the test cavity, is 
necessarily very small. The reaction type of cavity wavemeter is, therefore, 
constructed* having a direct reading accuracy of approximately 0.04 Mc/s 
and tunable over a frequency range of 9380 to 9398 Mc/s. In the small 
frequency range used in this experiment, the frequency varies linearly with 
the wavemeter setting as shown in figure 4- A sharp dip in the crystal 
current indicates the frequency. The constancy of this minimum reading 
is a check that the frequency of the signal generator remains steady during 
a particular measurement. 



Fig. 5 

V S. W. R. ill the waveguiJe versus frequency due to the te>t cavity 
resonator with various end plates. Curve a refers to the ease of brass 
end plate; curves b and c are for nickel and soft iron end plates 

respectively. 


V. S. W. R. versus frequency measurements were performed with the 
leu 'cavity having detachable end plates made of brass, n.cfccl, and soft non. 
The results obtained are shown in figure 5. 


7 — i83*P— 6 
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In order to check the constancy of the geometry of the cavity, V.S. W^R. 
versus frequency measurements were carried out with several end plates 
of the same material. The measurements showed that though the 
quality factors were the same, the maximum deviation of resonant frequency 
for the different end plates of same material due to machining inaccuracy 
was ±0.4 Mc/s. This amount of uncertainty of the resonant frequency, 
though small, is large enough to mask the minute change in the resonant 
frequency that would be produced due to change in the value of f*L of the 
ferromagnetic substance. 

3. THEORETIC!/ ANALYSIS 

The cylindrical cavity resonator used in this experiment has one end 
wall made either of brass or of some ferromagnetic metal. Ferromagnetic 
metals possess complex permeability and, as shown hereafter, the perfor- 
mances of a cavity ( e.g . the resonant frequency and the quality factor) 
with au end plate made of such a material is different from that of a cavity 
made entirely of a non-maguetic material, e.g. brass. Iu what follows we 
shall derive expressions relating the R. F. peuneability with the resonant 
frequency and quality factor of a cylindrical cavity, having one end plate 
made of some ferromagentic material. 


* 

« vs 

f 

> 

| 

■ZZZZZZEZZZZZZZZZBZBZZZ& 

L" z „ 



3 


^ ^ Z ^ 


Fig. 6 

Cylindrical cavity resonator illustrating the coordinate axes. 


A lossless cylindrical air-dielectric cavity, such as shown in figure 6, 
when excited in the TE 01l mode, has an oscillating electro-magnetic field 
given by (Sarbacher and Edsou, 1943), 

t r ) sm \ 1 

"'-'Kf r>“ 


E 


(l)' 


'"'■*( £)'■(£') sin ( f )•" 


. 3 * * 
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where, J 0 and are Bessel Functions of the first kind, of zero and first 
order respectively ; 

H («-)'-(*)’ ” -T - <.) 

is the phase constant of the corresponding travelling wave mode -,p — 3.832, 
the first root of the equation, J 0 '(.\) = o, 


1 c — , — “ — • — 3 * 10 s inetres/sec. 

VA»o«o 

is the velocity of light in free space. 

liquations (1) are also applicable, withoht serious error, to cylinders with 
high Q, i.e. low loss. 

The maximum electric energy, We stored inside the cavity is 

y.T a l 

WEo~h e u J J j ’ !* rdrdfdz 

, . 000 

Or, substituting for K c from equation (1), 


2 2 

1 Ve ° = KI) vu ^t) J ° 3{p)i 


••• (3) 


where, V — na 2 l is the volume of the cylindrical cavity. 

The qunlity factor, Q of the cavity, without external loading, is given by 


Go- 


2 l\o+Pr 


(4) 


where i0 - =/ 0 = the lesonant frequency 

27T 

Pro = power dissipated in the cylindrical wall perpendicular to the f-axis, 
and Pi 0 — power dissipated in each oc the two faces perpendicular to the 
2-axis. 

1 1 

The power . dissipated in the cylindrical wall is 

1 2* 

Fro = i-Rc[Z < ] J J \ Hta» '* adtydz, ... (5) 

0 0 

where, | ti] a „ j is the amplitude of the tangential component of the magnetic 
-field at r=a 

and , = ... ( 6 ) 

> cr t 

is the intrinsic impedance (i.e. the ratio of transverse electric to magnetic 
field) of the wall material, and 0-!= electrical conductivity of the wall 
material. 
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Substitution of (6) in (5) yields 

( 7 ) 

% (T j 

where, A r — 2nal — thc cylindrical surface area. 

The power dissipated in each end wall is 

P to = lRc[z,]f f I Hr | 2 rdtydr, (8) 

where, | H r I is the amplitude of the tangential component of the magnetic 
field at the end walls, i.c. at z — o or z — 1 . 

Then substituting for H r from equation (1) and for Z< from equation (6), 
we have for the power dissipated in one end wall, 

4 

= A .Jo 2 (P), (9) 

where* A e = nri 2 , the area of one end wall. 

In the above, the wall material is assumed to be made of a non-magnetic 
material ( c.g ., brass). If, however, the wall material be of a ferromagnetic 
metal (c.g., nickel), then u is complex and is given by 

j> 2 ~ | ju ! (ip) 


where | /a I = v//*i 2 + M 2 2 and ^ = - tan" 1 —. 

Mi 

The apparent pet usabilities, m* and p l are related to m as follows : 

M/?=( ! M I +M2)/Mo and Mr, = ( ! m | -M2)/m<>. 

For such case we have, therefore, 



V I A* I *+•/*» +J V'l/M-Ma I, (ll) 

» 20“ 2 

where, is the conductivity of the ferromagnetic metal. 

Hence, if a cylindrical cavity has one of its end walls made of a ferro- 
magnetic material, the power dissipated in this wall will be given by 

p, = ? v */< 1 p a . ; 0 2 (/» (12) 

(Note : It is assumed in the above equations that the field configuration 
inside the cavity is not materially disturbed due to the presence of the 
ferromagnetic metal. This assumption is justified as the quality factor of 
the cavity remains high even with the ferromagnetic end-wall). - . „ 

Now, when one of the end walls of the cavity is made of a ferromagnetic 
metal and the rest is of non-magnetic material, the quality factor is given by 


<?/- 


Wy W" EO _ 

P ro + P z + Plu 


<I3) 


• •I 
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where, is the new rewnam frequency of the cavity and the dashed 

symbols stand for the respective quantities at a frequency 
It, therefore, follows from equations (4) and (13), that 


1 - - 1 = - Pr„+2l’, n 

Qf Qo u> H' Bo' o > 0 IV 


... (14) 


Since the conductivity is very high, both for the uon-maguetic and for 

the ferromagnetic metal, we can put fi=—-- in the equations (9) aud (12). 

Substitution for P,- and P, from appropriate equations, with due regard to 
the frequency, in equation (14) then yields; 

— = . / JL_ Pi A /-S (i -j -6 / 2 "1 

Qf Qo 4* 3 a* C V ' h * J 

+ 1 yj «_ C T/- f ' /* 1 

4 * ^ /V r 1 i L J 

L 4 n \ fi 0 cr 2 I- ' A „ \ flu <r i 7 f ° J - (l5> 

Putting / 0 =/{i + 8 ), where 8 <<i and remembering that o- t /cr 2 ^i t 
simplification is usually possible by considering the relative values of the 
different terms. Each of the first two terms is of the order of io -3 . If then 
A*n = i + q say, the third term is about g /8 times the other jterms. Thus, 

Or '**- -J - <•« 

Qo and Qf may be obtained from the standing wave measurement data 
as follows ■ 

When a cavity coupling system has a single emergent transmission line, 
the V.S.W.R., produced in the line is given (Montgomery, 1947) by 
(see figure 7), 



6 £MBNcrae\ 
(**) 1 


Fig. 7 

Equivalent circuit of the cavity coupling system, at a particular reference 
plane, terminating a waveguide transmission line 

y ( Zq ~+W+ x T 1 + 1 jiZo - R) 2 + x 2 

v' ( 77 +W+X 2 1 - ! V (Z v --R)'+X 3 \ 


V.S.W.R 
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where, R+jX = R + jzRQ is the equivalent line terminating impe- 

/ 0 


dance at some appropriate reference plane of the cavity coupling Bystem, 
Z 0 is the characteristic line impedance in the equivalent transmission 
line circuit, Q is the unloaded quality factor of the cavity, and f 0 is the 
resonant frequency of the cavity. 

At resonance, i.c., A/= o, theV.R.W.R from equation (17) is 
(t) p = R/Z 0 , if R>Z„, 
or, Hi) p — Zo/R, if R<.Z 0 . 

Since the cavity coupling in this case is such that R/Z 0 > 1, 

P = R/Z a , ... (18) 

For the frequencies, /„ ± A F on either side of resonance, X — ± (Z 0 + R) 
and the V.S.W.R. from equations (17) and (18) becomes 


_ x + p + V i +P 2 
r j — 

1 + p — V 1 + p 2 


(19) 


From the resonance curve (figure 5) the value of 2A F is obtained by 
knowing p t . 

The unloaded quality factor of the cavity thus is 


0 = 



... ' (26) 


4. HXI'ERIMRNTAL R It SUL, T S AND DISCUSSION 

Test cavity dimensions : 

Diameter, 20 = 4.95 cms. 

Jbength, l =2.600018, , 

Coupling hole diameter = 0.285" 

The experimental results obtained are summarised in Table I. 


Tabi.e I 


Material 

Resonant 

frequency 

/oinMc/s. 

1 

V.S.W.R at 
resonance, 

Pi 

1 2A F 
in Mr/s. 

Conducti- 
vity in 
mhos/metre 
xio" 7 

O 


Brass 

9386.2 

1*37 

\ 

6 . 03 

4*50 

*-'37 

3620 . 

z 

Nickel 

9385-45 

i *55 

6.17 

4^5 

; j-V 

3320 

4.75 

Soft iron 

9384.55 

2*5 

7*65 

5*25 

1.0 

2500 

36 
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The experimentally obtained values of f*rt are given in the “last column 
of the table. These values, namely 36 for soft iron and 4.75 for nickel, 
agree closely with the values as obtained by other workers. 

It is to be noted that the slight differences in the resonant frequencies, 
as given in the second column of the table for the cavity of same dimensions 
but of different materials for one of the end .wells are to be ascribed more to 
machining inaccuracy than to differences’in the value of fir, of the materials 
used- This was checked by an independent measurement in which the 
resonant frequencies of the cavity, with different end plates of the same 
material, were measured. The results obtained are given in Table II. 

TABI.K II 


End plate 

Resonant 

sample number 

| frequency in Mc/j 

1 

93 '% 1 

2 

9385.8 

3 

9385-6 

4 

9386.4 

5 

9386.3 

6 

9386 2 


Since the maximum error in the measurement of resonant frequency due 
to changes in geometry of the cavity is +0.1 Mc/s in 9385 Mc/s, i.e., 
0.004%, it is seen from equation (21) that the error in ^-measurements for 
this reason is also of the same order. This will produce negligible error in 
the value of pr. 
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CORRIGENDUM 


ON THE SOLUTIONS OF MAXWELL’S EQUATIONS 
IN AN INFINITE MEDIUM, Etc. 


By K. V. KRISHNA PRASAD 


The material presented in my two papers entitled ‘‘On the approximate 
solutions of Maxwell's equations in an infinite medium with regions of 
finite conductivity” and “Rigorous solution for the case of electromagnetic 
wave propagation along a circular wave guide of finite conductivity’ 
published in the Indian Journal of Physics, of August and September, 
1951, respectively, are very much based on the material presented in the 
thesis by Dr. Glenn M. Roe, of March 1947, available from the University 
of Minnesota Library U. S. A. Several of the equations presented in the above 
papers are wrong and the correct equations are found in the thesis 
referred to above. 
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ON THE RAMAN SPECTRUM AND STRUCTURE OF 
1 3. 5-TRIPHENYL BENZENE 

By S. K. MUKERJI, L. STNQH anp R. S. SINGH 

Depahtment ok Physics, A ora Cou.pok, Acka 
(Received for publication, jtfai rli iS, 10^') 

Plate XI I 

ABSTRACT. The Romon spectra of s-triptieUyl henzcne In various solutions have 
been studied for the first time The spectrum of this substance resembles that of other 
substances of the fliphenvl benzene familv The Raman fre<|m ncies obtained for this 
substance agree in most cases with those of diphenyl and of the ortho-, meta- and para- 
diphenyl benzene of this series investigated bv previous authors 

The frequencies observed and found in nil these various solutions are at 304611), 21)87(4), 
1603(8), 1406(1). 1458(5), 1350 '6 bdi, i33S(t), 1045'J), 1003(10 603(1!, 406(1), 384(5), 23^(1) , 

170(5), 146(5) and 87(4) cin" 1 respectively 

The results have been discussed with reference to the Raman spectra of diphenvl and 
of ortho-, meta- and para- diphenyl benzene. A comparative study of the spectra observed in 
all these substances lends support to the view that the substituent rings of this compound 
cannot he very appreciably tilted from the plane of the central ring. 

INTRODUCTION 

In a previous communication to ‘Nature’ two of us (Mulcerji and Singh, 
1942) submitted a preliminary report giving the Raman frequencies obtained 
for s-triphenyl benzene in various solutions. During the last war this subs- 
tances was practically unavailable, hut now in the present investigation 
it has been possible to mtike a thorough study of the Raman spectra of this 
subtance in various solutions. Discussions regarding the structures of the 
substances of tliij family of compounds with particu'ar teference to i, 3, 5- 
triphenyl benzene have also been incorporated in the present pa pet. 

li X PERI M K N T A L 

i, 3> 5-Triphenyl benzene obtained from the research laboratory of East- 
man Kodak Company was further purified by crystallisation from absolute 
alcohol. The pure crystals thus formed were found opaque to light and 
hence were not studied for their Raman spectra in the solid state. The 
melting point of the substance is high (being 17°° C) and it tends to 
decompose at that high temperature. It was, therefore, studied in solutions 
in carbon -disulphide, carbon tetrachloride, acetic acid and chloroform 
respectively. The frequencies due to j-triphenyl benzene found common fn 
all the above solutions are recorded here. 

Wood’s method .was used to photograph the Raman spectra. With 
mercury arc as the exciting light, very intense scattering was obtained, hut 
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there was also evidence of a very intense flourescence spectrum on the plate. 
In order to reduce it considerably and to obtain a clean background a filter 
of concentrated solution of sodium nitrite was used which cut off the ultra 
violet portions of the mercury arc and suppressed A 4046 A line considerably. 
The excitation was, therefore, only due to A 4358 A mercury line which 
gave fairly good and intense spectra. The plates were exposed for 1 period 
of 40 hours. 

The spectrograms were taken on Agfa Isochrome plates which were 
previously backed, speed H and D 4400, with a Fuess glass spectrograph 
having a dispersion of about 21 A in the region of A 4358 X. Measurements 
were made on a new’ accur; te photo measuring micrometer. The wave- 
lengths were calculated in the usual manner. The results for 1.3.5-triphenyl 
benzene have been tabulated in Table I in which the frequencies due to di- 
phenyl, ortho-, meta- and para-diphenyl benzene have also been given 
for comparison. 


Table I 


Number 

Diphenyl ben- 

o-diphenyl 

tN-diphen> 1* 

p -diphenyl 

i.2.3tri- 


zene ^molten 

benzene (molten 

benzene (molten 

benzene 

phenvl benzene 


state) Mukcrji 

state) Mukerji 

state) Mukerji 

Mukerji and 

in solutions 


and Aziz (1938) 

and Aziz (1939). 

and Aziz (1941). 

Singh (1946). 

(Authors). 

1 

— 

Meltg. Pt. 57 0 
Boiig. Pt. 332 0 

— 

42(5) solid 

— 

2 

— 

73(5) (bd) 

80(4) (diff.) 

85(5) solid 

87(4) 

3 

— 

— 

- 

93 3) molten 

— 

4 

— 

ii2(5)(bd) 

— 

— 

5 

140(4) (bd) 

114(6) (bd) 

151(2) (diff.) 

— 

146(6) 

6 

193(0) 

— 

— 

— 

17015) 

7 

— 

238(6) ^ 

238^3) rdiff.) 

— 

234(1) 

8 

267 (4)(bd) 

253(1) 

*75 (3) (diff.) 

— 

— 

9 

31314 ) (bd) 

319(3) 

— 

— 

— 

io 

y>8(o) 

359 ( 5 ) 

— 

— 

384(5)* 

XI 

408(5) (bd) 

406(6) 

406(3) 

— 

406(1) 

12 

— 

— 

— 

409(1) molten 

— 

*3 

449 (i) 

— 

— 

— 

-- 

*4 

— 

5°i (1) 

— 

— 

— 

15 

— 

521(2' 



— 


x6 

548(1) 

558(3) 


— . 

~ 

*7 

614(4' 

615(5) (bd) 

611(3) 

508 (J> solid 

603(1) 

18 

— 

— 

— 

593 ( 9 ) molten 

— 

^9 

— 

708(6) 

707(3) 

— 

— 

20 

740(5) 

744(2) 



— 

21 

779 ( 4 ) 

774 ( 5 ) 

766(1) 

773(5' solid 

— 

22 

— 


— 

762(2) molten i 

— 

*3 

— 

— 

80Il}) 

8n<o) solid 


24 

838(4) (bd) 

839 ( 4 ) 

838(1) 

*— 

— 

25 

— 

874 ( 1 ) 

_ 

... 

... 

26 

898(4) 


901(1) 

— 

— 

27 

— 




940 molten 

— 

28 

964 (l) 

— 

964 ( 1 ) 



— 

29 

98" (x) 

993 ( 8 ) 

_ 

981(4* solid 

— 

30 

1003(10) 

1^05 (8) 

1000(10) 

1008(4) solid 

1003(10) 

3 * 

— 

— 

— 

1007 (5) molten 


3 * 

1031(5) 

1032(7) 

1039(1) 

1^39(1) 

1045(1) 

33 

— 

1059(2) 

— 

— 

— 

34 

k>9o(1) 

— 

1098(1) 

_ 

_ 

ss j 

**57<4) 

1158(6) 

1153(2) 

1148(0) solid 

— 
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Table I (contd.) 


umber 

Diphenyl ben- 

o-diphenyl ben- 

j m -diphenyl 

p -diphenyl 

1,2,3-Triphenyl 
benzene in 

zene (molten 

zene (molten 

benzene (ir.olten 

benzene 


state) Mukerji 

state) Mukerji 

! statcl Maker ji 

Mukerji and L 

solutions 


and Aziz (1938). 

and Aziz (1939). 

and Aziz (1941). 

Singh (1946). 

(Authors). 

36 

1189*3) 

1180(2) 

! 

r _ _ " 

_ 

37 

— 

— 

— 

! 1219(6) solid 


38 

1241(1) 

3 - 47 ( 4 ) 

- 

1223(4) nioUeu 

1238(4) 

39 

1283(10) 

1288110) 

1279(2) 

1274(10 solid 


40 

— 

— 


1283(10) molten 

. _ 

41 

i 3 i 8 <i) 

— 

3309(10); 

— 



42 

— 

— 

I 345 '°) ; 

— 

1350(6) (bd) 

43 

3376(0) 

— 

— 

137-2(0) solid 

— 

44 

— 

— 


1350(1) molten 



45 

— 

— 

1403 d) ' 

„ 



46 

1-152(1) 

1430(1) 

1453d) 

— 

1458(5) 4 

47 

— 

14/Ui) 

— 

- — 


48 

1506(4) 

15 ^ 3 ( 5 ) 

1-194(4) 

1503(1) solid 

1496(0 

49 

— 

— 

— 

1523(2) diff. 
molten 


5 ° 


— 

1 — 

< 1549(3) 

— 

51 

— 

1577(1) 

1566(1) 

— 

— 

52 

, 159° (8) 

1505(101 

1 1597(10) 

I 1591(10) solid 


53 i 

— 

— 

1 

1600(10) molten 

.... 

54 

1610(10) 

1608(5) 

1607(4) 

1605(10) 

. — - 

55 

— 

— 

— 

1673(0) solid 

1603 (8) 

5* 

— 

— 


1760(1) solid 

— 

57 

58 

— 

— 

— 

2029(3) solid 

2036(4) 

— 

— 


2095(3) solid 

— - 

59 

— 

— 

• — 

2i4o(J) solid 


60 

— 

— 

- 

2205 (J) solid 

— 

91 

— 

— 

— 

2824(0) solid 

— 

62 

2961(0) 

— 

— 

— 

— 

63 

_ 

— 

— . 

— 

— 

64 

3047(1) 

3041(3) 

— 

3041(3) solid 

2987^4)* 

65 


— 

— 

3043(2) molten 

3046(1) 

66 

3063(51 

3059(6) 

3062(21 

— 

— 

67 

3192(0) 

3196(0) 

(bd) = broad 

(diff.) = 

diffuse. 



* The three frequencies marked with asterisk were found only in acetic ether and 


chloroform solutions. 



Fig. i 

s-Triphenylbenzene 

RESULTS AND DISCUSSION 

Raman speerruin of diphenyl and of the ortho-, meta- afnd para- diphenyl 
benzene have been studied and reported by two of us (Mukerji and Aziz, 
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1938, 39, 41) and Mukerji and L. 5ingh(i946) previously. In this investigation 
we have studied the Raman spectra of 5-triphenyl benzene. We can now 
compare the spectra of the substances of the diphenyl benzene family with 
those of symmetrical triphenyl benzene, as given in the foregoing table. 

We know that in benzene there is a single ring with all the six carbon 
atoms free. In diphenyl one of the carbon atoms is loaded with a phenyl 
group. In the case of ortho- and meta- diphenyl benzene two of the carbon 
atoms are loaded with phenyl groups in the oitho- and meta- positions res- 
pectively. In ^-diphenyl benzene two of the carbon atoms are also loaded 
with phenyl groups in the para position. The ortho, meta and para com- 
pounds have three benzene rings and in the para compound these benzene 
rings are joined end 011 in the paia position. 

s-triphenyl benzene consists of four benzene rings, three of which are 
substituted in the fourth in positions 1, 3 and 5. Loss of any one of these 
benzene rings converts the substance into m -diphenyl benzene. It is, theie- 
fore, worthwhile to compare the frequencies of this substance with those of 
m-diphenyl benzene. It will be found, as given in Table I, that there is a 
close agreement between the majority of triphenyl benzene frequencies and 
those of m-diphenyl benzene The stiongest frequency of triphenyl 
benzene observed at 1003 cm” 1 is found equally strong by in m-diphenyl 
benzene and is also present in all the other compoui ds of this scries. It 
may be observed here that in the case of the ortho- and para-diphenyl 
benzene, as will be seen in Table I, two strong lines are observed, in place 
of a single one, at 1003 cm” 1 , as observed in 5-triphenyl benzene. This 
agrees remarkably well with the fact that the other line of this doublet has 
also completely disappeared in m-diphenyl benzene. 

But the marked dissimilarity is that very strong line at 1309 cm -1 
observed in m-diphenyl benzene and also equally strongly in diphenyl and 
ortho and para compounds of this series with slightly lower frequencies is 
found to be completely missing in this compound. 

It appears, therefore, that the addition of the extra benzene zing in 
position 5 of the central benzene ring of m-diphenyl benzene which makes 
5-triphenyl benzene a perfectly symmetrical compound is responsible for 
the disappearance of this line in the latter compound, 

The other very marked difference is that the stronger frequency of the 
doublet at 1597 cm' 1 , also found in all the compounds of this series, is not 
observed in 5 -triphenyl benzene, although the other frequency of this 
doublet at 1603 cm” 1 appears in 5-triphenyl benzene very strongly. It is 
possible that the two frequencies of this doublet have merged into one with- 
out being separated in 5-triplienyl benzene, unless ethylene linkage C=*C 
in the benzene rings of this compound has not been considerably weakened 
in the solution. 

-If we compare the frequencies of diphenyl with those of 5-triphenyl 
benzene, which is obtained by the addition of two more benzene rings 
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to diphenyl in the positions 3 and 5 of the central benzene 
ring, we find that many of the frequencies due to diphenyl are also 
present in 5-triphenyl benzene. The two most prominent frequencies of 
diphenyl observed at 1003 cm'' 1 and r6ro cm* 1 respectively appear almost 
equally strong in 5-triphenyl benzene Amongst the other frequencies 
common t© these two compounds are 3046, 1496, 1458, T238, 6x4 and 146 
cm* 1 respectively, which are fairly strong in both these compounds. 

It will be seen from Table I that many of the frequencies observed in 
ortho- diphenyl benzene have not appeared in 5-triphenyl benzene. It is 
possible that since the Raman spectra of" this substance were obtained in 
various solvents that many of the frequencies due to the ortho compound 
which are fairly weak have not appeared 911 the triphenyl benzene plate, 
being too feeble to be detected. 

The frequency observed at 3084 cm' 1 as a weak line in 5-triphenyl 
benzene evidently represents the C-H stretching vibration. 

The line at 1458 cm” 1 which is also observed in other compounds of the 
series evidently corresponds to the transverse oscillation of hydrogen. The 
frequency at 1350 cm” 1 which appears as a broad band in 5 -triphenyl 
benzene is aiso observed as a very weak line at 1345 cm' 1 in m-diphenyl 
benzene. Similarly the line at 1238 cm” 1 is also observed with slightly 
varying frequencies in diphenyl and o-diphenyl benzene. 

There are two other frequencies, one at 603 cm' 1 and the other at 406 
cm” 1 obseived in 5-triphenyl benzene, ate also found, as Table I will show, 
in all the other compounds of this series. The frequency at 603 cm” 1 then 
represents a carbon bending motion arising from the elongation and narrow- 
ing of the hexagonal configurations in this compound. The frequencies at 
384 cm” 1 and 234 enf 1 respectively due to 5-triphenyl benzene are probably 
due to deformation oscillations of the molecule. 

The frequency at 146 cm” 1 observed in 5-triyhenyl benzene as a fairly 
strong line is also found common to all other compounds of this series except 
/^-diphenyl benzene. As it has not appeared in solid /^-diphenyl benzene, 
although fairly strong, so it cannot possibly be due to lattice oscilliations 
which is expected in the solid state. It may probably be due to the defor- 
mation oscillations of the molecule. 

The frequency at 73 cm” 1 observed as a broad band in molten ortho- 
diphenyl benzen which has shifted to cSo cm” 1 as a diffuse band in molten 
m-diphenyl benzene and to 93 cm 1 in molten />-diphenyl benzene, has 
appeared at 87 cm” 1 in 5-triphenyl benzene, in solution, /^-diphenyl benzene 
in the solid state gives this frequency as a strong line at 85 cm " l . This 
frequency appears, therefore, to be the lattice oscillation in the solid state 
of these compounds, which becomes weak and diffused when these com- 
pounds are in the molten state or in solution. The very low frequency at 
43 cm” 1 also observed in solid ^-diphenyl benzene, as Table I will show, 
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does not appear in s-triphcnyl benzene in solution. This frequency evidently 
is due to lattice oscillations in the solid state. 

It will be seen from Table I that there are hardly any frequencies 
observed in s-triphenyl benzene, in various solutions, which are not also 
present in one or the other compounds of this series, nor is there any strong 
frequency observed in this substance which can be said to be characteristic 
of this compound. There is not also much marked variation in the 
frequencies of this compound from those observed in other compounds of 
this series. 

Diphenyl and />-diphcnyl benzene have already been shown to be planer 
in structure. As regards ortho-diphenyl benzene, according to X-ray inves- 
tigations of Clews and Lonsdale (1937), its most likely structure is one in 
which the two phenyl groups have their planes turned in the same direction 
out of the plane of the parent nucleus. 

As regards s-triphenyl benzene its structure was studied by Orelkin 
and Lonsdale (1934) by X-ray investigation, who gave some prili- 
minary data leading to its approximate structure. Their results are still 
inconclusive. In this investigation we have already pointed out that many 
of the frequencies of this substance agree remarkably well with those of 
diphenyl and also in many cases with those of the other compounds of the 
diphenyl benzene family. Diphenyl and /^-diphenyl benzene have already been 
shown to be planer in structure, and as there is no marked dissimilarity between 
the frequencies of s-triphenyl benzene and those of the other compounds 
of the series, it is quite likely that the deviation from the planer configura- 
tion of this compound, if at all, cannot be very marked. Our results, there- 
fore, lend support to the view that s-triphenyl benzene is planer in structure. 
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ABSTRACT. The cross section for the production of mesons in a neutron-proton 
collision, a third order process, is calculated on the basis of the 'charged pscudoscalar' 
theory with ‘pseud jscalat coupling'. If the recoil of the nucleon initially at rest is 
neglected, the cross section vanishes. For g 5 — 0.3, the numerical value of the cross 
section is of the order of io" 29 cm 2 and the total cross section increases as log Ep„ Ep, 
being the energy of the incident nucleon. The validity ~>f our results for high energies 
is only restricted by the fact that radiation damping has been neglected. 


INTRODUCTION 

The cross section for the production of mesons in a nucleon-nucleon 
collision depends essentially on the nature of the coupling of the meson 
with nucleons. At present the experimental trends indicate that the meson 
is to be described by a pseudoscalar field theory. In the present paper, 
the cross section for the production of meson has been evaluated as a third 
order process in which a mason is virtually emitted and re-absorbed and 
eventually emitted at the third step. We adopt the charged pseudoscalar 
theory with pseudoscalar coupling and treat the problem by the ordinary 
perturbation method (Born approximation) though it is a little precarious 
in the case of strongly coupled mesonic fields. The neglect of radiation 
damping is likely to matter only for extremely high energies. To include 
it is to make the handling of a third order process exceedingly difficult and 
imposes drastic simplifications which, in the energy region that is amenable 
to direct experimental verification, are likely to adulterate the result worse 
than the neglect of damping. Anyhow it is worthwhile trying to meet the 
experimental results in this way. The Born approximation in itself is 
justified since the threshold energy for meson production is well above 
ioo Mev. 
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2 . M E T HOI) OF CALCULATION 


From the perturbation theory the differential cross section for meson 
production is given by 

2 -~- I Hn Pr ... (i) 

Here v is the relative velocity of the incident nucleon and V is the volume 
in which the state functions of the particles are normalised, p/ denotes 
the density functions of the final proton and meson. The third order matrix 
element H , * stands for 


H r i 



l f * 1 / 1 »?,)( »!,* 1 7 Uw 2 )(ui a * i I 1 i) 

1 I'* i /i in , ) ( E i T\ ni m ) 


( 2 ) 


Here the letters /, m 2 and / denote the wave functions of the two 
nucleons in the final, two successive intermediate and the initial states and 
Ei , E mi and /i« 3 stand for the total enctgics of the systems in the initial 
and the two successive intermediate states. 7 is the interaction Hamiltonian 
causing the emission and absorption of the meson, which for the pseudoscalar 
charged theory may be written thus 



i 

V 2<- V 


\ 


igiPP^a p — b />) + g- 2 (Gp)(a ' hr) 


+ g 2 *' Pi (dp* + bp) > rvpc 


\ T * 


2jt» 


fPX) 


-- 




> + gsrAa,, 


I- h 


»* ) i r rv 


j 1 '" rP-Xi 1 

r» f ,r 


J" 


(3) 


<•;, p and p denote energy, mass and momentum of the meson respectively, 
all three in energy units. g v and g 2 are the two interaction constants 
corresponding to the pseudoscalar and pscudovector coupling respectively, 
a* and a (b* and b) are the emission and absorption operators for the positive 
(negative) meson, p j, /> a , p 9 (=/3) and ct — piO are the usual Dirac matrices. 

We consider the collision of a proton of initial momentum P 0 with a 
neutron which, for simplicity, is taken to be at rest ; in the final state we 
have two protons of momentum 7\ and I\ and a negatively charged meson 
of momentum P . By P and N vve shall denote a proton and a neulron while 
the superscripts 1 and 2 on P and N (or on E) shall distinguish the two 
particles (or their energies). Y 4 and Y~ stand for positively and negatively 
charged mesons repectively. The momentum of the particle follows in 
brackets the symbol for the particle. The transitions are considered 
according to the Hole theory ; a square bracket enclosing the particle symbol 
denotes that the particle is in a state of negative energy, with the momentum 
indicated. The six transitions contributing to the third order matrix element 
for meson production are schematically represented as follows : 
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nitial state : / J(, \P„) + N <2) (oj + [/V'(P U — p') ] —*■ 


intermediate states : 


(A) N ( 1 > '(P 0 — p') + Y^'fp') + N <a> (o) + [A''iP„ - p )| 

-* N<> >'(P 0 - p') + P (2 >( p') + [ A r '(Pu - P' ) J 
(D) N n) '(P 0 -p') + Y , '(p')+A ,<2 ’(o)+ [.V'(P 0 -p)J 
-*P (1> (P,) + Y-(p) + Y* (p') + A ;( ‘->(o) + f N I.P.-p' 
<C) P“>(P.) + P«>(p') + Y- (-p‘) + [N'' , P 0 -p',J 
N U) '(P„ — p') + |> (2 >(p') + [ A r, (P 0 -p') 1 
[A] P n ,(Pj + AT (2 >(u) +P(P I ) + Y~(p) 

-* P (l) ( P) + P(P,) + Y-(p; + p (2, (p') + Y-'f-pO 
[»] P n, (P«) + P t * , -P'j4y- / (-p ) + lN'(P 0 -p')l 
-* P f,, (P„i + P (2) (P0 + Y“''-p') + P( P.) + Y-(p) 
[C] P n) (P u ) + A ,<2) (o) +P(P,) + Y“(pj 

-> N ( 2 ) (o) + /»(P 1 ) + Y"(p) + [AT'tPo-p'lJ + Y + '(p ) 


final state — * P (1) (P,) + P (2> (p'; + Y"{p) + [N'(P 0 -p'>], ... (4) 

where Pi = P u -P'-P, Ps^P' ... (5) 

On close inspection of the table it will be realised that the six cases of 
transition it describes in detail, differ with regard to the stage at which take 
place (a) the virtual emission (b) the virtual re-absorption (c) the emission 
of that meson that has come to stay. E.g. in (B) the Virtual emission is 
at the first intermediate stage, its rc-absoption is at the final stage, and the 
meson that will stay is emitted in the second intermediate state. 

As can be seen from Kqn. 2, the contribution to the matrix elements is 
greatest when the resonance denominators are smallest, which means that 
cases of small momentum transfer between the nucleons, arising from very 
small values of momentum />' of the virtual meson, are of importance. The 
“exchange" terms corresponding to the transitions A, B and C arise when 
the two final protons interchange their momentum, the paiticle 1 having 
the momentum P 2 and 2 having I\ ; such cases correspond to large values 
of p’ which reduce the matrix elements in question by large denominators. 
Thus the contribution of the exchange terms will be small and we shall 
allow for them only in first approximation in the final integration of p' over 
all possible values. Remembering that only very small momentum transfers 
contribute considerably, we can put the final energy of the second particle 
Ep’ <2> very nearly equal to M. In this way we neglect the difference 
E p i2) — M against Ep 0 U) — £*r (1) or «V (the energy of the virtual meson) 
in the denominators. For example, we put 

(A) + ... ( 6 ) 

where | N' | = | P 0 — p' | 

In the same approximation the expression for the conservation of energy 
reads 

Ep f = £p; + e^ ... (7) 

2— 18321*— 7 
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We prefer to drop the superscript on E from now on, E will indicate the 
energy of the nucleon with the momentum value denoted as a subscript. 

We substitute (3) with in (2) and, making use of (6) and (7), we 

notice that for the transition schemes (4), the matrix elements take a very 
simple form because the sum of the contribution due to A and B equals 
that of C. The matrix elements in the negative energy states would, by 
the way, be the same whether we regarded these states as empty or all filled 
(Hole theory). Writing ^p, (1) for the Dirac spiu function of particle 1 
having Pi as the value of the momentum, the expression for H/j becomes 


H/i — 




(a I T'VV 


(<!'/>, (,, >y w v* ( 1 ) vi H i'p. ( 1 >) ( *p- (2) 

Ep—Ex' 


( 8 ) 


where 


e' ! = p~ + y / 2 and e 2 — p 2 + p 3 


Following the procedure of Heitler (1936,1, we multiply the numerator and 
denominator of (8) by Ep„ + Ev and carry out the summation over the 4 
possible states of the intermediate neutron. We then form the absolute 
square of (8) and, summing over the two spin states of the initial and final 
nucleons by the usual spur method, we obtain, 

r \ 


it I * — 4^1 a I j _ M \ 1 

' (2IT Ep,Ep\ E r - jre'UEr?-! 

[Er.Ep l \2Ep--{Ep:-Ex' t )\ + \<P i Po) + M 2 \(np, 2 -Ex- 2 ) 


+ 2|(P u N') + A/ 2 H(PiN') s- m 2 } - 2 Ep.{EpJ( p.no 

+ M 2 ] + Ep,[( P„N'( + M*]>] .. (9) 


where (P 0 Pi) denotes the scalar product of P„ and P, 


The factor 


(■ 


M 

/V 


^ in the above expression allows for the contribu- 


tion of the square of the matrix element ('Ey p 2 'T',,) of particle 2, which is 
initially at rest and then acquires the small momentum />' due to the virtual 
emission or the absorption of the meson. In the non-relativistic limit 

so the cross section vanishes. The negative sign within (1 — ) 

is a feature of the pseudoscalar interaction , where p 2 anticommutes with p 3 
of the Hamiltonian ; with scalar interaction the term involves p 3 so that in 
the non-relativistic limit that factor becomes 2 (Urban and Schwarzl, 1949). 
The smallness of the cross section we shall find in the present pseudoscalar 
case is due to this factor. 

The density function dp / is 


dp/ — 


tide P,£ p, 

( 2 nhef ’ (znfccY 


dilpdttp, 


... ( 9 «) 
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Following Nordheim & Nordheim (1938) we write 

QehN' = P u -p' = P 1 + P 


... (10) 


With respect to J\, the polar angles of Q are denoted by B and ?, rp denotes 
the azimuthal angle of the plane (P, p) around Q. In this notation 


dp , = d<?d\p sin OdOdQ 

= /r + P„ 2 + {)- — 2l\,Q cos 0 
F>. — F z ,\ - = P„ 3 — Q 1 

iP,N')= + 


... hia) 


( 1 1 b) 
... <iic) 


(lid) 


Siuce only very small values of p' give a considetable contribution to the 
matrix element, we can write 




(12) 


Substituting (y), <ii) and (12) in (1), we obtain for the differential cross 
section (after integration over d\p and df) 

-U'iV dJ i _ k \ i 


'Uky HKcvYm* JaV-Q*) 

+ | -Ep.Er, + M a \U\ a -Q a ) 1 (P t P u )(/* a - 
+ 2(P l ,Q)\(P t Q) -l- M ’} - 2*>.FV J (P, J Q) J sin OdOQdQ. 
Integrating over dO and taking P,, 2 > >* p 2 and I\, >>Qwe obtain 

2 fgi*X a \ ^ dn hErJir,-3lEi‘. x + Er,* — p‘) 

x 5 \4 ^c a/ 2 i\ T iv-Q-y 


l 5 En*-En, x -4Ep a E Pl + p*) 1 QdQ 

" 2IVUV-Q*) 2PS ^ * 


where x = fi/Tic. 

On integrating over dQ between the limits P t + p and Pi— p, the result 
becomes 

d<]>=r 2 A h £1 rffif (sEr.- - Et>: - <\Ep.Ri\ + p~) . P 0 2 - 1>, J - p~ + 2P t p 


X M P„ 


loo 0 * ' 

PS- PS-fi*-2Pd 


3P* _ 4P.F. + Pi/> 

2 '(p„ 2 -p 1 2 -/>T- 4 W F« 3 


••• (15) 


3 i?l _p! Ers-d e , 
x 2 a/ 2 iv p 2 


• a • 
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and g 2 = ^V- 
4?rnc 


P~ e , B 1 = Ep 1 . 
(a dimensionless constant) 


Assuming that the maximum energy that the meson can have is \llr 0 the 
integration of (16) over de then gives for the total cross section 

4 > = 3 log - 7 i p - 

4 X 3 M 2 IV 8 

At high energies the total cross section for the production of pseudoscalar 

r 

mesons with pseudoscalar coupling increases as log — -- . 

P 

The value of g 2 in the case of pseudoscalar coupling, which does not 
enter into the deuteron binding force is very uncertain. If we adopt 
g 2 = o.3, the differential cross section becomes of the order of io" s ' cm 2 

( ) ; it is practically independent of the mass of the meson. 

\ X' M* / 


CONCLUDING REMARKS 


The above result differs from that of the scalar theory with scalar 
coupling in which the total cross section decreases with energy as 



as obtained by Nordheim and Nordheim (1938) and Urban and 


Schwazl 


(1946) ; this difference is due to the factor^ 1 — ^ , whereas, in the 

scalar coupling the analogous factory 1+ ) is about 2, as was mentioned 

\ At/ / 


above. If the recoil of the nucleon initially at rest is neglected, the cross 
section vanishes with pseudoscalar coupling, with scalar coupling it does 
not. Our numerical value is of the same order as Foldy and Marshak (1949) 
computed from the analogy with photonic brcinsstralilung, this method 
replaces the process of virtual emission and absorption by an empirical 
potential between the two nucleons, and it is about 100 times smaller than 
that of Morette and Peng (1948) who based their calculation on a Moller- 
Rosenfeld mixture in non-relativist ic approximation. The same cross 
section (pseudosealar meson with pseudoscalar coupling) derived by Morette 


(1949) from the invariant perturbation method varies 


as log 

Bp, 


MEp. 


(for Ep.»M) ; Takagi (1949) has computed the same problem from the 
invariant perturbation method. The reason for this discrepancy between 
the ordinary and the invariant perturbation methods is not quite obvious. 
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THE BAND SPECTRUM OF NICKEL FLUORIDE* 
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(Received f" i publication'', November 10, 11J52) 

Plate XIIT 

ABSTRACT. A charac teristic band spectrum of nickel fluoride has been obtained using 
i\ heavy current discharge from a j K.\Y D.C. generator. Regularities in wavenumber inter- 
val have led to the suggestion of a 2 n— as the electronic transition giving rise to the band 
heads. The value of the ground state vibrational frequency obtained for this band system 
is 740 cin‘ l approximately. 

Baud .spectra of the fluorides of transition group elenieuts are among 
those that are least studied and understood. The only fluoride molecule for 
which a characteristic band spectrum has been obtained is MnF. Rochester and 
Olsson (1939) reported in MnF two systems in absorption — one in the region 
A3300 to A3600 consisting of five groups of violet degraded bands and the 
other in the region A3100 to Aa.joo X which is of a simple sequence struc- 
ture. They attributed the former system to the triatomic molecule MnF s 
and the latter to the diatomic molecule MnF and suggested ’ 2 -‘IS as the 
probable electronic transition of the far ultraviolet system. The interpreta- 
tion given above was completely revised in a very comprehensive work later 
by Baeher and Miescher (1948) who obtained both the systems in absorption 
and the near ultraviolet system also in emission in a heavy current discharge 
from a 1000 volts D.C. generator at o 3 of an ampere using a specially desi- 
gned discharge tube. 7 II - 7 2 was shown to be the electronic transition of 
the near ultraviolet system auda 7 S — 7 5 , as the transition which gives rise 
to simpler sequence and vibrational structure of the far ultraviolet system. 
No other fluoride molecule seems to have been studied in detail. 1 

In continuation of the work on the chlorides and bromides of nickel and 
cobalt described in previous papers, the spectra of cobalt fluoride nickel 
fluoride have been investigated. The source of excitation is the same as that 
used previously— a heavy current discharge from a D. C. generator (2000 
volts, 1 atnp.). The experiments 011 coball fluoride have so far been un* 

Communicated by Prof. K. R. Rao. 

1 Rands of the MnF molecule are photographed also in the region A4900 to A5000 by 
Baeher (104S) and P. T. Rao in this laboratory. The latter author analysed the system 
and assigned it to the transition s rt — 7 1 (the results are in the course of publication). 
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successful. The main difficulty in obtaining fluoride bands arises from free 
fluorine (usually liberated during the exposure) which reacts with the walls 
of the discharge tube and emits silicon fluoride bands which are most easily 
excited. They often suppress the excitation of the bands of other fluorides 
(nickel or cobalt) or obliterate them due to overlapping when they occur in 
the same region. It was possible slightly to adjust the current flowing 
through the discharge tube such that the nickel fluoride bands are obtained 
somewhat more prominently than the silicon fluoride bands. 

For nickel fluoride, the author succeeded in obtaining a characteristic 
band spectium, a small portion of which is overlapped by silicon fluoride 
bands but a considerable portion being outside the region. This could be 
easily mea sured. The band spectrum is reproduced in Plate XIII (figure 2) 
which contains also SiF band spectrum in juxtaposition. 


description op the bands 

The observed bands present a very characteristic appearance. They 
occur in well separated groups, the strongest one being the group at v 221.1 (.2 
cm" 1 in which two baud heads stand out prominently. In addition to this 
stionger group, two other weaker groups are observed on the lower frequency 
side at v 2141 j. 4 and 206S6.5 cm -1 [Plate XIII, figure 3!. Two other still 
weaker groups lying on the higher frequency side are also observable but they 
are masked by the sttoug silicon fluoride bands in this region and measure- 
ments could not be made. Iiach of the observed groups contains only a few 
band heads, about 4 or 5. 13 band heads have been measured altogether. 

No distinct degradation of the bands is noted. They are somewhat diffuse 
with a slight shading probably towards the red. A somewhat close structure 
leading to diffuseness of the band is noticed in the case of the strongest group 
at v 22144.2 cm -1 . If the structure and disposition of the individual bands 
are examined in each group, it will be seen that some three band heads occur 
close together while the remaining ones are situated at a larger interval from 
these. This grouping has suggested that two component levels (such as 
tfj/a, jti-j) may be involved. 


ANAL Y£ft I S 

The most intense group at v 22144.2 cm' 1 is regarded as &v = o sequence 
and the other two groups on the longer wavelength side as At = — 1 and 2 
sequences respectively. At + i, +2 sequences, as pointed out above, have 
been masked by silicon fluoride bands. The second sequence At= -i, 
served as the starting point of the analysis: Close scrutiny of this sequence 
shows that it consists of two separate groups, one of which has 3 heads and 
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the other, 2 heads, the intervals between the ;irst members (v 21411.4 and 
21292.9) is 118.5 cm -1 which is of the same order as a H interval (103 cm* 1 ) 



Fig. i 

Scheme of transition iu 2 nrnj— 2 S 

observed in nickel chloride bauds. This suggested the possibility of the 
transition *11 — *2i. The energy level diagram for this transition is drawn up 
and shown in figure 1. The diagram gives the expected band heads. Tran- 
sition between *Hi/2 and = 3 gives rise to three resolvable heads. 

(1) (2) (3I 

Sb„ r s 

R<i„ Qa 

Q p„ 

Similarly *Ili* to *5 gives two resolvable heads. 

(1) (2) 

Ri Qb, 

Qi 

Thus five heads may be predicted for this transition. 

Comparing these with the five component heads in the second group at 
v 21411.4 cm" 1 , a close agreement between the predicted and observed heads 
is assumed. 

With this identification and analysis of this group (Av = — 1), the scheme 
is extended to the remaining two groups each of which consists respectively 
of four heads, It is also noticed that a wavenumber interval of about 731 
cm"' is found to be recurring between corresponding members of the Ar«*o 
and A v——j sequences shown below. 



kri.hnamurty 


PLATE XIII 



Fig. 2 

NiF and SiF Fair, 



Fig. 3 
NiF bands. 
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557 


22144.2 

21411.4 


732-8 


22x24.1 

21393.6 

22098.6 
21367.0 

Again a slightly smaller interval recurs 
Ad = —i and Av = —3 sequences. 


730.5 

73<-6 

between the corresponding bands in 


21411.4 

20686.5 

21367.0 

20639.6 


724.9 


727.4 


21292.9 

20571.7 


721.2 


21270.7 

20551.8 


718.9 


These recurring intervals and the order of their value indicated that it may 
probably correspond to the ground state vibrational frequency 10," 
(=740 cm -1 ) since it agrees with the corresponding values in the other 
halides. 

The complete analysis arrived at thus is shown in Table I which records 
also the wavenumbers of the band heads and their intensities. 

Since sequences corresponding to Ax>— -Hr, +2 are not measured it is not 
possible to determine the upper state vibrational frequency. The value of the 
vibrational frequency for the ground state is 740 wavenumber units approxi- 
mately. 


Taiu.e.I 
NiF Bands 



3-1833P-7 
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OSCILLOGRAPHIC MEASUREMENTS OF VALVE NOISE 
IN AUDIO FREQUENCY CHANNELS 

By Miss. G. V. SUBHADRAMM A 

Wireless Laboratory, Physics Department, Benares Hindu University 

i Received foi publication, October 23, 1952 ; received after n vision, jamtary j>\ t 1953) 

ABSTRACT. Au expei imcntal study of over-all valve noise was made by an oscillo- 
graphic method for different thermionic valves over a range of audio frequencies (375-1320 
cycles/sec). The experimental results are summarised as follows: 

(/) For a given anode voltage, the valve noise ill any triode for any frequency channel 
was found to increase at first with the filament current attaining a maximum at some value 
of the ti lament current and then to decrease with further increase of filament current tend- 
ing in some cases to a minimum value. In a particular tetrode, the noise voltage was found 
to increase with the increase of filament current tending to a saturation value. 

f/7j For a given anode voltage, the maximum noise prevailed at the «ame value oi 
filament current for all frequency channels but the magnitude of the maximum noise was 
found to increase with the increase of frequency channel tending in some cases to a 
saturation value. 

(Hi) For a given anode voltage, the magnitude of the minimum noise was found to 
vary with the frequency channel almost in the same manner as the maximum noise. 

(iv) For a given filament current, the valve noise was found to decrease with the 

increase of anode voltage. 

(v) The absolute values of the equivalent valve noise voltage was four d to range from 
about 20 to about' 200 microvolts in the several thermionic valves under the experimental 
conditions. 

x. INTRODUCTION 

The noise in thermionic valves consists mainly of the following types . 
(i) shot noise, («) flicker noise, (tit) thermal noise, (iv) ionization noise, 
and (v) partition noise. In high vacuum triodes, however, the shot noise and 
the flicker noise constitute the major part of the valve noise. Much work, 
both theoretical and experimental, has been done since the discovery of shot 
effect by Schottky (1918). Besides the pioneer work of Schottky (1918, 
1922), Hartmann (1921), Fry (1925), Johnson (1928), Llewellyn and others, 
(1930) the work of Kanaz.ouski and Williams (1930). Thacker and Williams 
(1932), Moullin and Ellis (1934), Williams (1936), Bell (1938), PerciVal 

and Harwood (1938), Rack (1931) « nd others y ielded useful infor “ iatlo “ 
regarding valve noise. Later works by North (194% Bell (1941) and others 

are also of importance, 

From the experimental point of view the measurements of valye n ? tfe 
in audio frequency channels are liable to serious error -dqe . tq slightest 
electrical disturbances aqd require .extremely careful, shielding arrange- 
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ments. It was. therefore, thought desirable to use a cathode ray oscillograph 
for delineating the noise patterns in different audio frequency channels after 
having amplified the noise voltage in the usual way. Reliable measurements 
of noise voltage by the oscillographic method was possible e\en though 
extraneous electrical disturbances were not altogether eliminated. Measure- 
ments of over-all valve noise were made by this method for a range of audio 
frequencies ^375 to 1320 c/s) in the case of several thermionic valves viz. 
( i ) Philips A 415 (ii) Milliard iHF (Hi) RCA 1II4G (tv) Mullard PM2 
and ( v ) Philips A442. 

With a fixed anode voltage for each of the thermionic valves, the over- 
all noise voltage was measured for different filament currents within the 
range of audio frequency channels (575-1320 c/s). From these measure- 
ments the variation of maximum noise in each valve with frequency channel 
was found. The variation of valve noise with varying plate voltages for 
maximum filament current was also studied in the same range of audio 
frequencies for one particular valve (Mullard PM 2). 

2. EXPERIMENTAL M K TIIOD AND PROCK D U R R 

A suitable parallel combination of a coil and a condenser was placed in the 
anode circuit of the thermionic valve under investigation and the anode and 
filament of the valve were connected to input terminals of a high gain amplifier 
through a suitable blocking condenser. The coil-condenser combination was 
arranged to cover the desired range of resonance frequencies for the parallel 
circuits. It was also ensured that the equivalent impedance of the combina- 
tion at its resonance frequency was very much higher than the impedance of 
the voltage amplifier which was used to amplify the valve noise. Under 
such condition, the noise frequencies in the valve ranging from o to 00 were 
confined, within a very narrow band, to the resonance frequency of the 
parallel circuit at the input end of the amplifier. 

The amplified noise voltage for any frequency channel within the desired 
range was then applied to the Y-plales of an oscillograph, the linear time 
base having been connected to the X-plates. The pick-up from the 50 cycle 
converter lines invariably appeared on synchronization along with the super- 
posed valve noise corresponding to the resonance frequency of the coil- 
condenser combination. The 50 cycle pick-up was, however, eliminated to 
a considerable extent by using a phase inverter unit constructed for the 
purpose and on further amplifying the noise voltage with the help of oscillo- 
graph amplifier, the average amplitude of the noise pattern was accurately 
measured on the fluorescent screen. Corresponding to the aveiage amplitude 
in cms. of the noise pattern for each frequency channel, the equivalent noise 
voltage was obtained with the help of an audio oscillator and an attenuator. 
For equivalent noise measurements, calibration curves were drawn, one for 
each frequency channel, showing different A/F input voltages against corres- 
ponding amplitudes as measured in cms. on the oscillographic screen* 
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3 . experimental details 

The experimental set up for the measurement of valve noise is illustrated 
in figure 1. The essential parts of the arrangement are as follows : 


TEST CIRCUIT 


AUDIO 

OSCILLATOR 


ATTENUATOR 


£ 


PHAM 
INVfcfITtR *-4 




J IL 

nJlT 


Fig. 1 

The experimental set-up 



(i) Test circuit. The thermionic valve under investigation with 
suitable coil condenser parallel combination in its anode circuit was placed 
across the input impedance of a voltage amplifier through a blocking con- 
denser. The coil in the combination was a 30-henry choke and the capa- 
citance of the condenser ranged from 0.0005 mF to 0.006 /xF, so that the 
resonance frequency of the combination could be varied from 375 to 1320 
cycles/sec* and the equivalent impedance of the combination at its 
resonance frequency was very much higher than the input impedance of 
the amplifier. 

The circuit diagram of the test circuit with all the necessary connections 
is shown in figure 2. The coil condenser combination was kept in a double- 
walled metal enclosure. Other parts and connecting wires were all properly 
shielded. 

(it) a/F voltage amplifier. A Philips Modulation Amplifier (type 2845) 
with a maximum gain of 2300 was employed for amplifying the over-all noise 

* The resonance frequencies were calculated without considering the self-capacitance 
of the choke. The self-capacitance would cause a lowering of the frequency value to the 
extent of about 8 % for the smallest value of the condenser used in these experiments. The 
observed noise patterns on the oscillographic screen showed also 1 the same order of 
frequencies. 
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voltage across the thermionic valve under investigation. Suitable input and 
output channels were used. The high-tone filter in the amplifier unit was 
set for the straight line portion of the frequency characteristic and the low- 
tone filter was adjusted to cut off low frequencies as far as possible. The 
amplifier was worked with 220 volts of 50 cycles/sec. 

(iii) Cathode ray tube. A Cossor’s oscillograph was employed to deli- 
neate the noise patterns for different audio frequency channels. The noise 
pattern for any particular frequency channel was found superposed on the 
trace of the 50 cycle pick-up from the A/C power lines from the converter. 

( iv ) Phase inverter unit. The phase inverter unit, constructed for 
eliminating the 50 cycle pick-up, was essentially a unit of continuously vary- 
ing phase and amplitude of the 50 cycle e. 111. f. In this unit one arm of 
the circuit consisted of two similar capacitances and a potentiometer resistance 
in series, while the other arm had two similar inductances in series with 
another potentiometer resistance. Requisite conditions were satisfied regard- 
ing the magnitude of the elements. The output connections were taken 
from the variable points on the potentiometer resistances so that the phase of 
the output e.m.f. could be varied by changing the variable points on the 
two potentiometer resistances. The amplitude of the output e.m.f. was 
varied with a potentiometer across the supply voltage. The circuit for the 
phase inverter unit is shown in figure 3. 



Fig. 3 
Phase inverter 


The phase inverter output terminals were connected across the output of 
the A/P' voltage amplifier. There was no shunting effect of the phase 
inverter, the output impedance of the phase inverter being very much higher 
than the output impedance of the amplifier. 

4. EXPERIMENTAL, RESULTS 

The variation of over-all valve noise with filament current and with 
frequency were studied in the case of all the valves under investigation with 
a fixed anode voltage. The grid of each valve was kept ‘floating’. This 
evidently did not correspond to the usual operating conditions. In the case 
of the tetrode valve, the screen-grid voltage was about 70 volts. 


1 
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The experimental results showing the variation of noise voltage with 
filament current are graphically shown in figures 4-6. It is to be noted 
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- v Filament current in milliamps. 

Fio. 6 

Mullard PM 2 Philips A 443 


that for all the frequency channels the equivalent noise voltage in all the 
triodes increased with the filament current and after attaining a maximum 
at a certain value of filament current decreased again to some minimum 
value- In the case of Philips A442 tetrode, the valve noise for the different 
frequency channels increased with filament current attaining a saturation 
value. 

The maximum and the minimum values of the over-all valve noise in 
different triode valves, as determined for different frequency channels, are 
shown in figures 7 and 8. For all frequency channels the maximum noise 

was found to be at the same value of filament current but the maximum 
noise value in case of all the valves was found to increase with increase of 
frequency channel and in some cases it attained or tended to attain a satura- 
tion value. The minimum noise for all the valves showed a similar variation 
with frequency channel. 

The variation of valve noise for a fixed filament current with varying 
anode voltages for three frequency channels was studied for only one valve 
(Mullard PM2). The valve noise was found to decrease with the increase of 
anode voltage. The experimental results are graphically shown in figure 9. 
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Fie. 7 

Philips A 415 Milliard IIIF 

5. CONCLUSIONS 

The observed variation of valve noise with varying filament current for 
a fixed anode voltage showed the effect of space charge on the valve noise, 
as in the work of previous investigators. The observed increase in maximum 
and minimum valve noise with the increase of frequency channel in the 
experimental range (375-1320 cycles/sec J is indeed significant. It is doubt- 
ful whether this signifies the validity of Hartmanu-Schottky hypothesis. 
According to this hypothesis, a cooling is produced in the emitter after the 
emission of an electron and the emission of next electron become less 
probable for a short time compared to the frequency of the shot noise. It is 
accordingly expected that at very low frequencies which correspond to large 
time periods> the magnitude of the shot noise must be small, The observed 
decrease of valve noise with the increase of anode voltage for a given filament 
current in the case of one triode valve in three frequency channels within 
the experimental range is, however, contrary to expectation, as with higher 
anode voltage the space charge decreases and the shot noise is expected to 
increase with the increase of anode voltage. This requires further investiga- 
tion. It was also found that the observed magnitude of the over-all valve 
4— 18331"— 7 
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Frequency channels — v Anode voltage (Mallard PM 2) 

Fig. S Fig. 9 
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noise was appreciably higher than the value of the shot noise obtained 
according to Llewellyn’s method of calculation. 1 his is likely to be due to 
the preponderance of the flicker effect in the particular large of audio 
frequency channels. 
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ABSTRACT. The intensity factois of the expected branches in a - *2 transition 
are calculated and the expressions are reduced to a convenient form. Representative 
theoretical intensity cunes are drawn for three of the branches, using the data on 
columbium oxide published by the author earlier. 

I N T RODU C T 1 () N 

The interpretation of the rotational structure of the bands of columbium 
oxide by the author led to the probability of assigning them to the electronic 
transition, — l S. As far as the author is aware, there is no band system 
till now investigated and ascribed to this transition. Hence the determi- 



Fig. 1 

Expected transitions in <2 — *3 
i Communicated by Prof. K. R . Rao. 



Intensities in *2 — 't Transition 369 

nation o Jail the characteristic features of a system belonging to this transi- 
tion became necessary. 

Budo derived expressions for the energy levels of a ‘ii state. These 
expressions enable the construction of the transition diagram for 
shown in figure l. The other theoretical problem of the determination of 
the relative intensities of rotational lines in the expected branches, that is, 
the intensity factors has not been carried out so far. This calculation is 
shown in this paper. 

For the calculation of the intensity factors of the branches in a transition 
in which both the states belong to Hund’s case (b), a general method was 
first proposed by Mulliken who applied it Jo a ^-=2 transition. Later, he 
extended it to the cases AA = o and + i and any values of A for doublet 
electronic states. This method, which has been extended in this paper to 
a 4 2 — 4 3 transition, is briefly outlined below. 

T II K ( » R Y 

The intensity formulae for any transition between two casc(h) elec- 
tronic states can be obtained in two steps: (i) First , neglecting the 
interaction between K and S, for a given value of AA the relative inten- 
sities of the three cases AK~ to, ± rare obtained in terms of 1 < and A. 
These are identical with HonI and London’s expressions given for Hund’s 
case (or ) . It is to be noted that in case ( 6 ) <r and cn, are the same (old 
notation). Substituting K and A in the appropriate Ilonl and London’s 
equations, the intensity faelois will be obtained. '2) Now introducing the 
interaction between K and .S' which will be analogous to the one between 
k and s in atomic spectra, the intensities are sub-divided. The relative 
intensities of transtions involving different values of A / and of J’ (or ]") are 
given, for any fixed value of A K and A" (or K") by prec isely the same 
expressions as in line spectra, by merely replacing /,• for the line spectrum 
multiplel by K. In this case the equations of Sommerfeld and Ilonl can 
be utilised. Finally, combining tile results of (1) and (-’) explicit expres- 
sions are obtained for the relative Intensities of the transitions. In a 
‘S- 4 S transition, according to the ] , K and t - selection rules 

eighteen branches will be obtained and these are shown in figuic 1. 

CALCULATIONS AND Rl! STILT ft 

2 -S liansitions of all multiplicities should be identical in structure 
and intensity relations provided the fine structure due to /\ and .S' interac- 
tion is ignored. The intensities of successive lines in each branch should 
be proportional to 7 \. Considering the fine structure, two cases aiise, 
namely, A/v = -1- 1 and A/v = — 1 which correspond to A k — - 1 and A k = - 1 
in line spectra, expressions for which are given by .Sommerfeld and ilonl. 
The equations as slightly modified by Mulliken are : 
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For / — > J - i , if X — >-X — 1, or equally* for / — i — >• J, if X — i — >■ X 
i ± = [ (/ + K ) (/ + X + 1 ) - S(S + i) ] [ (/ + K - 1 ) (/ I- X ) - S(S + 1 ) ] jJK 
For J — >■ J, for either X — >■ X — i or K — i — >- K 

i c = (2/ + 1 ) [ (/ + K) (J + X + 1 ) - S(S «• 1 ) ] [AtS + x ) - (/ - X ) {] - X + 1 ) ] fJK(J +'1 ) 
For / — i — > /, if X — > K — x, or for J — > /— 1 if X — 1 — > X 
i± — [S (S + i) — (J — K) (J—K+i)] [S(S + i)-(J-K- 1) (f-K)]i‘JK 
in the present standard notation. 

The relative intensities of the three forms associated with X transition 
are calculated according to the formulae given above* where 5=3/2 for a 
*2 state, and the sum of their intensities* as already mentioned, is propor- 
tional to X. To satisfy these conditions the relative intensities are first 
calculated by the help of the above fomulae and are given below : 

P i or X, (J-K + 3/2) i v = (K + 2) (2X-1) 

P. or R, </-K + l/,) + + 

K (2/V + 1 ) 

or R, (J = l<-lh) (2K-3 ) 

h \2K — 1) 

or X, (/=X — 3/ 2) i 1 =(/v-2 (2X + 1) 

'■Qia or R Q 2l (J = K + 1/2) »,= — 

K (2/\ + l) 


or R C? SS (J — K- 1/2) 


or ' ; <J43 (J — K — 3/ 2; 


• - i6( /v + i) (/C — _rj 

• (2K + 1) (2X — 1) 

• _ 3(/v — 1 ) ( 2 /v + 1) 

* 7 ’" Ktok-ir 


’X 13 or W P 31 (/ = X + 1/2) 


K(2K + 1) 


'’X 24 or w 7 ' ia (J — K — 1 / 2) 


U '~ K (2X-1) 


In the above expressions a common factor 8 is omitted and aiso X represents 
always the larger of the two quantities X' and X" ; similarly with /. 

Then we have 

2t = 2(4X a -i) 

The relative intensities are then obtained by multiplying the above i values 
with 2 K/ 2 i. The results thus obtained are presented below. These can 
be expressed in terms of J also by substituting for K in terms of J . 

P or R • i~ K < K + 2 ) 

1 I.2X + 1) 


p or R • ;- {aK + 3) fX 2 -i) 
P ‘ ° r E > • - „ K + I) > 



Intensity 


intensities in < S _. 2 Transition 

1\ or R, ; /= toK-tiJK’-i) 
(2 K — 1 ) - 

P, or R 4i i= K ib' -2 ) 

( 2A’-l) 

P 0»or"C 2I ; 1 = 3_(iP+ t) 

2/C + i) 2 

7, 023 or n Q 32 ; {- t6K{K*-i) 

( 2 /C- 1) 3 (sK+i ; )3 

P C:uOr^ 13 ; i=. 3 (K~r) 

( 2 K- 1 )- 
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Or r 7 ’ ; , , ; /= 3 

( 2 /\ + t) 2 

^/^2i or i'P 4 2 1 /= — 3 

(2/C+1) (2/C — j) a 

™mp^p«2 0 ,XT I ! 0nS f a C ° m,n0n ,aC '° r 2 is I'o obtain 

by the corresponding Bolts, ab ° V<! f “ Ct ° rS ShouM 

&J-AK are intens the relatlons that tIlc main branches (or which 

P *'» ,p ». r R„ ™4^lJoJmn&»tk‘ aCh ° S “* Weak a ° d tl,c br “ d,es 

Representative thererctical curves are drawn for thp P m , /> D 

ot (0 ' 0) T” d ° f — «*• wh,”h Vi?,. 5 ; 2 ' 5 £.*££: 
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effective temperatuie is taken as 150 <>°K. They are shown in figure 2. It 
may be remarked here that the theoretical intensity curves will be similar 
for the other corresponding main and satellite branches. 
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ON THE DISTRIBUTION OF STRESS ROUND THE EDGE 
OF A HOLE IN A DEEP BEAM UNDER A UNIFORM 

BENDING MOMENT * 

By B. KARUNlvS 

DEPARTMENT OK APPLIED PHYSICS, UNIVERSITY Couuil'.li OK Sci i:\Cl' AND 

Tech nomn'.v, Calcutta 
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ABSTRACT. A solution to the problem of stress concentration due to the presence 
of ad unstressed hole of a fairly general shape in a deep plate beam under a uniform 
bending moment is obtained. The solution is verified for the cases of circular and elliptic 
holes which arc already known, and is applied to obtain some new results. 

INTRODUCTION 

The problems of stress distribution in an infinite plate containing an 
unstressed hole, under various types of load have been widely studied by 
finding the stress function X in suitable curvilinear coordinates, satisfying 
the biharmonic equation V'x — o. A method of solution to the problems of 
stress distribution in an infinite plate containing a hole of a fairly general 
shape has been developed by Green (1915). In the present paper Green’s 
method has been applied to obtain the stress distribution round the edge o. 
a hole in a deep plate beam under uniform bending moment. 

This method can be applied when the hole is given by a curve *1=0, 
defined by the conformal transformation 

Z=F (0 - (1) 

where Z-x + iy, £=£ + *»/ 

and F'<C) = «oc 

it being assumed that »;-*• co when ( Z ! -*> 00. It is seen that the first 
term in F' (£) -* 00 and the second term -*■ o as »/ ■* 00 . 

It is known that the general solution of V 4 X “ ° is Riven by the real 

part of 

F(Z) + Zg(Z) ••• ( 2 ) 

where Z — x — iy and where f'(Z ) and g(Z) are regular functions of Z. 

From (2) the stresses in curvilinear coordinates £, are found to be 
given by the real parts of (Green, 1945.) 

* Communicated by Prof. P. C. Mahanti 
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££- sg’iZ) - /,, - U W) + 

/•*'(£) 1 

F'(t) ( - 1 '3) 

rpy — 2g* + 1 </'(/)+ F(t,)g w (Z) f 

F'(£) 1 ’ 

S= {/"(/; + F(vV(Z> } 

F'(£i 1 j 

where dashes attached to g(Z) and f(Z) denote differentiation with respect 
to Z and dashes attached to F(l) denote differentiation with respect to £ 

Introducing two functions of K(^) and H r (£) which are finite at 
infinity and arc of the form (Green, 1945,) 


F<0 = -2g'(C> - {/"(/) +F(£ig"( Z)\ 

f'(;> 1 

IF(U = 4 -^ {l'(Z) + F<&g'(Z) } 

F'(j i) 1 ’ 


so that at »j = o, the hole boundary, the teal part of 1 ; (£) = — and tin.- 

imaginary part of wheie £ry ’/’/<■ denote stresses at the edge of the 

hole, we get the stresses in terms of l / (0 and (Gteeu, 1948) as the 

real parts of 


ii= 

- F(g - ir(^) - inp 


l •'(?.» + 

,F(p-F(p 



F'(D 1 

F'G) 

t n= 

- F(p-1F(P + W/(U 

rv +i \ 

L V'(l) + H"(P 

l F(P-F(U 



F'd) 1 

* F'(i) 


fi=-iW - id !'"(£,) + IPfO 

F'( s) 1 ' 1 F'K> 


(5) 


where dashes attached to l 7 f^) and IF(£) denote diffeiention with respect to 
From (5) we get the circumferential stress over the edge of the hble boundary 
given by the real part of 

T£e = -V(l)~ 2 W(i) ... (6) 

The solution of an individual problem depends on finding the suitable 
Vi# and W%). 


THE SOLUTION 

Let a bending moment M be applied to a plate beam of depth 2 b and 
thickness 2c. When there is no hole in the plate we may take 
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X = R\ J(Z) h/g(t) = Ay a ... ( 7) 

••• ( 8 ) 


A = 


M 


f(z)= Ai z\ R (Z) = - z> 

4 4 


•• (9) 


I lieu we shall have the stresses in the plate Riven by the real pa*ts of 

£f = - 3d* I'd) ~ SA> ■ F ~ -Fit) } 

P'CQ 1 ' ) 

m=-3 /ifF(D+' i — . — ^ hiy-F(j) } 

3 F'(v) 1 J 


(io) 


F/=- 3 - 


7 ’ --{i''(U-F.'D } 
F'K) 1 J 


Oil the boundary f) = o, these stresses have values given by the real 
parts of 


££.= 

- 3 AiF^)~ 

3 A i 

F'(t) 

{/'(t)-F(t) 



y 

F'VL) 

t 

»/’/o = 

- 3 AiF(i) + 

$Ai 

F’(i) 

{/•(t)- r<t) 



2 

F'(t) 

t 

£>io = 

3/1 Hlil 

{/•<t) 

- Fit) 

} 


2 ' F'(t) 

l 




(IT) 


Superposing on the stress system (io) another which gives i /»/,= ~>V]o and 
on the boundary tj— o and which tends to zero at infinity, we shall 
get the stress system in the plate beam containing the stress free hole 
i] = o undei the uniform bending moment M. 

To obtain the required superposed stress system we first take 


l-Ms) “ - zsliF(D + — f 1 

2 />'<£) t ) 

Its leal part — 1^/0 = -»/»/•' on the boundary »/- o. 

To make V{Q tend to zero when >/-*<*>. we add the teams 

3 JS„ C ': W'i + \{ Fll: ~ Fi0 } 


(12) 


(i3> 


which sum up to give an imaginary quantity at »/ = o, so that on >7 = 0 the 
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real part of P(£) is the same as that of IMD and is therefore equal to 

-We- In choosing the terms in (13) care is taken not to include any term 
which produces no stress either at infinity or over the hole boundary. 

If we take 


WMU=- 3^^L/ F(D _ F(U l 

2 F ' ( y l i 

ts imaginary part = £4,= — £»/ 0 over the hole boundary. 

To make IF(£) tend to zero as tj tends to infinity, we add the terms 


(14) 


3 * 0 -« F«)-F <«1 


F'Q 


(15) 


which sum up to give a real quantity on »/ = o, so that on »/ = o the imaginary 
pari of IPfi;) is equal to that of IF, (t,) and is therefore equal to £*), . 

We get from (12), (13), (14) and (15) 


F«) 

= 3 A\a 0 c' 

!i -iF (OaoC - ' 1 } 

+ *J? C — \ 




+ 3 Ai S 

F',(U 


{f(U- 

■ F ID } 


2 ) 

F'«) 

F%) 

F (s) \ 

1 

W(f>) = 


Fny 

( a 0 c ~' 1 

a 0 c'' 

[{f( 0 - 

-F(l)] 


2 1 

F '<0 

F'Q 

F (g 

I 1 


(16) 


F(t,) and IF(£) have finite values at infinity and their sum contains no poles. 

The complete stress system is obtained from (5) and (16) together with 
the stresses (11) which are transmitted from infinity. 

Calculating the stresses from (5) with the above values of F(£) and IF(£) 
it is seen that the stresses tend to zero as »; — > 00 only when «<|j. 
Therefore (16) can be used for n = o or n—i. The circumferential stress 
over the edge of the hole, as calculated with the help of (6), is given by the 
real part of 

= } ... (17) 

The terms in in F(£) and W (£) produce infinite stresses at 

« > I, so for the cases where n ^ 2 we subtract these terms F(£) and B’(£) 
and add such new terms as to keep the stresses over the hole boundary 
unchanged. We get 


lF-(s)=^(U 


3/1 

a 0 c ‘ 1 , 

3 a 



F'(D 


F ,( X) 

3 A 

t aoe r " 

jA. 

_ b» e in ? 

2 

v F'(U 

2 

n F'(Q 


(18'! 
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and lFn(D and the stresses produced by them tend to zero when 
V ” * 00 n o. But the new terms in them produce no stress either 
at infinity or over the hole boundary for n ■'C g. So the use of these functions 
and H 1 n(C) will be valid only for n j. In this case the circumferen- 
tial stress round the edge of the hole is the real part of 

(ic) 

APHICATIONS 

When »» = i and b n = o, we have a circular liole of radius ia„ when >;-o. 
The circumferential stress round the edge of this hole, as calculated with 
the help of (17) is given by 

££,. = i2Aia„ sin £ cos 2$. ... (20) 

which is in agreement with the results obtained by other authors. 

When n — 1 and 


a „ 


-. e a+,,) , 
21 


/>„ = 


2/ 


we have an elliptic hole of semi-axes c cosh <x and r sinh « with its major 
axis inclined at an angle ft to the .v-axis. The circumferential stress round 
the edge of this hole is obtained from (17) as 


if, = 3 Ac e - ^ + ^cos 2 (£-/ 3 )- cos 2/4 

0 cosh 2*- cos 2^ I i 

When /3 — o, it becomes 

r? - A sinh a sin £ ( > a > \ 

££,> = 6Ac — -A c cos 2 f - 1 f 

cosh 2* “ COS 2t* * ' 


(21) 


( 22 ; 


and when ft = — , it becomes 
2 


S. „<• cos 2i- 1 } 

cosh 2« — COS 2 i t ) 


(23) 


These results also agree with those obtained by other authors. 

When w = 2 and a 0 = -2 b m . represents approximately an equilateral 

triangular hole with rounded corners. The circumferential stress over the 
edge of this hole is calculated lrom (m) as 


££. = — 3 — - a -°- (2 sin 4£ -8 sin 3£ + 4 sin 2£-sin £) (24) 

4 cos 3^-5 

When n- 3 and a n - -36,,, >; = o represents approximately a square hole 
with rounded corners. The circumferential stress of this hole is given by 


3 cos 4£ ~ 5 


(3 sin 5C - 18 sin 3£ + 1 7 sin, £i 


(2.S) 
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Plate XIV 

ABSTRACT- The Raman spectra of I, i, i-trichloroethanc ami i, i, 2-trichlorodhime 
in the solid state have been investigated and compared with those due to Ihe two substance - 
in the liquid state . It has been observed that in the ease of x, i, i-triehlorocthane all 
the prominent Raman lines due to the liquid appear when the liquid is sobdified, but in 
the case of the other molecule the two intense Raman lines 638 cur 1 and 7S6 cm' 1 disappear 
with solidification of the liqu'd. A new Raman line 13 cm appears with solidification 
of 1, 1, r trichloroethanc and a similar new line bo cm"’ has been also observed in the 
case of the other substance in the solid state Tt has been also observed that some of 
of the Raman lines due to the two liquids are totally depolarised. The significance of all 
these results has been discussed, 


INTRODUCTION 

The Raman spectra of many substituted ethanes have been investigated 
for different states of the substances and it has been observed that the 
number of Raman lines due to the solid state of these compounds is less than 
that of the lines due the liquid state and such results have been interpreted 
by assuming that in the liquid state there are two forms of the molecules while 
in the solid state one of the two forms of the molecules disappears (Mizushima 
and Morino, 1938). 

It has also been reported recently (Sheppard and Szasz, 1949) that even 
in the case of aliphatic hydrocarbons in the solid slate, the number of 
Raman lines obseved is much less than those observed in the case of the 
liquid, and such disappearance of some of the Ramau lines on solidification 

* Communicated by Prof S* C. Sirkar 



380 


D. C. BistOas 


has been interpreted on the assumption that in case of hydrocarbons also 
there are two forms of molecules in the liquid state and and one of these two 
forms disappears with the solidification of the liquid. 

The Raman spectra of i, i, 2-triehloroethane and i, i, i-trichloroethane 
were not studied before in the solid state at low temperatures. The object 
of the present investigation is to find out whether the change in the relative 
positions of the chlorine atoms in the two molecules mentioned above 
influences the Raman spectra of these two substances in the solid state and 
also to find out whether any change in the structure of the molecules takes 
place with solidification at low temperatures- The polarisation of the Raman 
lines lias also been studied in order to find out whether the molecules possess 
any symmetry. 


EXrriRIM E N T A I. 

The liquids used were of C. P. quality and they weie supplied by Kastman 
Kodak Co. They were repeatedly distilled in vacuum before exposure. 
A filter of io % solution of NaNO* was used in the path of the incident 
light to cut off ultraviolet light, and this arrangement greatly reduced the 
intensity of fluorescence which was found to be produced by ultraviolet light. 

In the case of i, i, i-trichloroethane in the liquid state another filter of 
concentrated solution of NaN() 2 was used to reduce appreciably the intensity 
of the 4047 A line, so that the assignment of the lines could be made correctly. 
The Raman spectra of the substances in the solid state were studied by 
solidifying the substances slowly in Pyrex containers which were gradually 
lowered in a transparent Dewar vessel containing liquid oxygen, and fin ally 
the lower portion of the container was completely immersed in liquid oxygen. 
A Fuess glass spectrograph was used to photograph the spectra and Ilford 
Zenith plates were used. 

The polarisation of the Raman lines of the two liquids was studied in 
the usual manner by photographing the two components simultaneously with 
the help of a quartz double image prism. The polarisation of the Raman 
lines of carbon tetrachloride was also studied, using the same tube and the 
same arrangement, and from a comparison of these spectrograms the lines 
having degrees of polarisation of the order of 6/7 were found out. 


RESULTS AND DISCUSSIONS 

The spectrograms are reproduced in Plate XIV. The polarisation pictures 
are also reproduced to show that some of the lines are totally depolarised* 
The frequency shifts of the lines are given in Tables I and II . 
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Table I 

i, i, i-Trichloroethane, Av in cm' 1 


Liquid at a8°C Solid at -iSo'C 


Hull (1934) 

Present author 

Present author 




13 (2), k. 

* 241 (7) 

241 (7). ± e, + k, i 

; 0 

243 (2), e, k 

* 345 (10) 

,345 (8). ± e, ± k ; 

P 

347 ('), t. k 

* 523 (9) 

522 (10), + c, ± k ; 

P 

522 (4), e, k 

712 (7b) 

712 (3b), e, k ; 

I) 

7°4 (2I, e, k 


973 (0), e ; k ; 

1) 


( I °7 I - 




{ (2) 

1067 (2), e, k ; 

P 


l 1086 

1082 (1), c, k ; 

p 

1072 (lb), c 

1175 (•) 

1185 (o), k 

? 


1242 (Jb) 




ft36i 




( 1 ) 




l 1384 




f 

1425 (2), c, k ; 

I) 


{ (2) 



1440 (0) ? 


J4‘I6 ^2), e, k ; 

D 


1592 (lb) 




2743 (ib) 




2943 (7) 

2939 ( A >. e, k, i , 

P 

2937 <3). e, k 

3011 (6) 

3007 (4), c, k ; 

I) 

3007 (2) , e, k 


Observed also as anti-stokes lines 


Table II 


i, i, 2-Trichloroetliaiie Av in cm 1 


Liquid at 2S°C 


Hull (1935) J Present author 



1x8 (2b) t*. k ; 

1> 


190 (ib) e, k ; 

I) 

* 255 (4) 

25 8 (4) ± e, k 

; l> 

* 283 (2) 

287 (2) ± e, k 

; p 

* 332 (IO) 

333 (Jo) ± c, k ; P 

* 395 (3) 

* 441 (1) 

39* (4) ± <\ k 

, P 

525 (») 

525 (2) ± C, k 

638 (4) ± e, k ; 

; v 

638 (3) 

v 

664 (5b) 

668 (6) + e, k ; 

V 

697 (0) e, k ; 

p 


727 (n) e, k 

; v 

s 772 (10) 

775 18) e i k ; 

F 

( 78 * 

786 (5) e, k ; 

P 

931 U) 

934 (2) c, k ; 

V 

1056 (ib) 

1207 (2) 

1041 (1) e, k ; 

F 

1260 (2) 

1260 (2) e, k ; 

I> 

1304 (2) 

1304 (3) e » k 

5 P 

1428 (2) 

J430 '3) e > 

D 

1475 (4b) 

2961 (4) k « 


2960 (8) 

i ; P 

2996 (7) 

3021 *5 b ) 

, 

3001 (2) e, k 

; r 


* Observed also as anti-stokes lines 


6 — 1832P — 7 


Solid at — i8o"C 


Present author 


£0 (2) 

166 (1) e 
263 (1) e, k 

33*? (3) k 
385 (o) e 

525 (o) e 
V 

670 (3) e, k 


772 (6) e* k 

V 

934 (o> e, ? 

1260 (o) c 
1304 (o) e 
1427 (1) e 

2961 (4) e, k 

3005 (3) e, k 


T 
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It can be seen from Table 1 that in the case of i, i, i-trichloroethane 
in the liquid state the lines 123a, 1361 and 1384 and 1592 cm -1 observed by 
Hull (1935I have not been observed in the present investigation. The 
spectrogram was a well exposed one, but no trace of these lines could be 
detected. 

It is difficult to understand also how this molecule can yield a line 1592 
cm" 1 , because there is no C = C bond. In the spectrogram obtained by using 
a concentrated solution of sodium nitrite to absorb the 4047 A line in the 
incident light, it was verified that the line 2743 cm -1 reported by Hull (1935) 
is actually a line 973 cm -1 excited by 4358 A. The line 2743 cm -1 is not 
present in the spectrum. Similarly, the line supposed to be of frequency shift 
1361 cm" 1 excited by 435S A was found to be the line 2939 cm -1 excited by 
the line 4077 A. Some of the lines due to the liquid are totally depolarised, 
and, therefore, the three-fold axis of rotation of the molecule is not disturbed 
in the liquid state. 

In the solid state at — i8o°C this compound yields a new line at 13 cm -1 . 
This line is sharp but it is weak and cannot be due to the single molecule. 
It must be due to vibration of the whole molecule against other molecules 
in the lattice. Excepting the line 712 cm -1 the other lines do not shift with 
solidification of the liquid. This shows that in this particular case the 
intermolecular field in the solid state does not change the strengths of the 
bonds appreciably. 

In the case of x, 1, 2-trichloroethane in the liquid state the lines observed 
by Hull 11935) were observed in the present investigation except the lines 441, 
1207 and 1575 cm -1 . This last line cannot be accounted for by assuming 
the known structure of the molecule. The lines 118 and 190 cm -1 were 
not observed by Hull (1915). These lines are fairly intense and they can 
be clearly seen in the spectrograms reproduced in the Plate XIV. They 
may be due to torsional and deformation oscillation respectively. The lines 
697 and 727 cm -1 observed in the present investigation were not reported 
by Hull. The line 258 cm” 1 probably due to deformation oscillation of 
the C — C group is totally depolarised. Hence the molecule has some 
elements of symmetry. 

Since this line persists in the solid state also the molecule in the solid 
state has an element of symmetry and this element may be a plane of 
reflection. It is, however, surprising that the line 3001 cm -1 which might 
be due to antisymmetric C-H valence oscillation, is not totally depolarised, 
while the corresponding line due to 1, 1, x-trichloroethane is totally depolarised. 
All the lines 638, 668, 697 727, 775 and 786 cm" 1 are found to be polarised. 
These lines are due to C — Cl oscillations. Of these six lines the two lines 
668 and 697 cm" 1 are extremely feeble. With the solidification of the 
liquid the lines 638 and 786 cm"* 1 disappear and owing to the feebleness 
of the lines 668 and 697 cm" 1 it could not be ascertained whether they 



Raman Spectra of Trichloroethane in Solid State 383 

also disappear with solidification. The line 287 cm""* also is seen to 
disappear with solification. Such a disappearance of some of the lines 
was interpreted by previous workers in the case of disubstituted ethanes on 
the assumption that two types of molecules are present in the liquid and 
one of the two types transforms itself into the other type with solidification. 
In the case of ethylene dibromide, for instance, (Mizushima and Morino, 
1938) some of tile lines due to C — H valence and deformation oscillation 
also disappear with solidification along with a few lines due to C-Ilr 
oscillation. In the case of 1, r, 2-trichloroethane, on the other hand, all 
the lines due to C — H valence and deformation oscillation persist when the 
liquid is solidified. This can happen only when the two types of molecules 
have the same frequencies for C — H oscillations, but in that case the 
frequencies of C-Cl vibiation in the two types would not be so different 
from each other. 

The appearance of the feeble line 60 cm"* in the case of the solid state 
may indicate formation of a dimer. It is significant that the line 190 cm -1 
probably, due to C-Cl defoimatiou oscillation shifts to 166 cm -1 with 
solidification of the liquid. However, the influence of intcrmolecular field in 
the liquid on the strength of the bonds can be determined only by studying 
the Raman spectrum of the substance in the vapour state, it has been 
observed by Mizushima, Morino, Watanabe, Simanouti and Yamaguchi (1949) 
that the intensity of those Raman lines of ethylene diehloride which disappear 
with solidification of the substance also diminishes when the substance is 
converted to vapour. This fact indicates a complicated influence of 
intcrmolecular field on the strength of the C-Cl bonds and the study of 
several such substances in the vapour state is necessary before definite 
conclusion can be drawn. 
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Plate XV 

AB8TRACT. In this pnpc-i a study is made of the Absorption of light in the ultraviolet 
and infrared regions in amethyst quaitz In the ultraviolet the presence of the I'-band 
is masked by the presence of iron impurity and it is difficult to assert its presence. That 
such a F-band exists was shown by Choong. In the near infrared three absorption 
bands are observed ; the one on the long wavelength side can be identified with the 
M-band and (he others as bands due lo impurity All these facts lead to the conclusion 
that the factors responsible for colour in the case of coloured alkali halides are aho 
responsible for the coloration of amethyst <|uait/, with some slight difference 

I N T k O 1 ) V C T T O N 

In a previous paper (Vairnt Bappu, 1952) a detailed study was made of 
the absorption of light in the visible region by amethyst quartz and it was 
shown ihat the obseived absorption band, the F-band, was similar to the 
F-hand observed by Pohl and his co-workers (1937, 3S) in the alkali halides. 
Along with the study of the F-band in rocksalt, Pohl and his collaborators had 
subjected another hand, observed in the ultra-violet, to intensive investigation. 
Molnar (quoted by Seitz, 1946) observed that when a crystal of colourless 
rocksalt was bombarded by X-rays, a band in the ultraviolet called the F-hand 
was formed simultaneously with the F-hand. The position of this band in the 
different alkali halides differed from each other but were all dependent on 
the lattice constant of the sepcimen under investigation. However, all 
these bands are always observed in conjuetion with F-bauds ; as the band 
in the amethyst quartz has been ascribed lo F-centres, it is quite logical to 
expect a F-band in the ultraviolet. Mollow (1935-37) observed an M-band 
iu the long' wave length side in the infrared. It appears that the F-and 
M-bands are associated with the trapped electrons loosened from the halogen 
or alkali metal ions, while the F-hand is related to the holes in the closed 
shell structure. An attempt is made in this paper to see whether these bands 
are also present in the amethyst quartz. 

IiXPRRIM K N T A h T E C H N I Q II li 

(a) Ultraviolet. For absorption in ultraviolet the specimen was held 
in an aperture in a card board and interposed in the light beam. The 
* Part of a thesis approved for the M, Sc. degree of the Madras University, 




47 


SPECTROSCOPIC STUDY OF AMETHYST QUARTZ IN 
THE ULTRAVIOLET AND INFRARED REGIONS* 

By M. K. VAINIJ BAPPU 
Physical Laboratory, Nizam Com, ecu;, Hyderabad (I)eccan) 

(Received for publication, Octohei 10, 

Plate XV 

ABSTRACT. Iti this pnptr a study is made. 1 of the Absorption of light in the ultraviolet 
and infrared regions in amethyst quaitz In the ultraviolet the presence of the T'-band 
is masked by the presence of iron impurity and it is difficult to assert its presence. That 
such a P-band exists was shown by Choong. In the near infrared three absorption 
bands are observed ; the one on the long wavelength side can be identified with the 
M-band and the others as bands due to impurity. All these facts lead to the conclusion 
that the factors responsible for colour in the case of coloured alkali halides are abo 
responsible for the coloration of nmethv-t quoit/, with some slight difference. 

I N T ROD P C 'J' I O N 

In a previous paper (Vainu Bappu, 1952) a detailed study was made of 
the absorption of light in the visible region by amethyst quartz and it was 
shown that the obseived absorption band, the F-band, was similar to the 
F-band observed by Pohl and his eo-woikers (1937, 38) in the alkali halides. 
Along with the study of the F-band in rocksalt, Pohl and his collaborators had 
subjected another band, observed in the ultra-violet, to intensive investigation. 
Molnar (quoted by Seitz, 1946) observed that when a crystal of colourless 
rocksalt was bombarded by X-rays, a band in the ultraviolet called the P-band 
was formed simultaneously with the F-band. The position of this band in the 
different alkali halides differed from each other but were all dependent on 
the lattice constant of the sepcimcn under investigation. However, all 
these bands are always observed in conjuclion with F-bands ; as the band 
in the amethyst quartz, has been ascribed to F-centres, it is quite logical to 
expect a P-band in the ultraviolet. Mollow (1935-37) observed an M-band 
in the long wave length side in the infrared. It appears that the F-and 
M-bands are associated with the trapped electrons loosened from the halogen 
or alkali metal ions, while the P-band is related to the boles in the closed 
shell structure. An attempt is made in this paper to see whether these bands 
are also present in the amethyst quartz. 

EXPERIMENTAL TECHNIQUE 
(a) Ultraviolet. For absorption in ultraviolet the specimen was held 
in an aperture in a card board and interposed in the light beam. The 
* Pari of a thesis approved for the M, Sc. degree of the Madras University, 
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transmitted light was condensed by means of quartz cylinderical lens on to 
the slit of the spectrograph. The photographs in Plate XV, figures 3 and 4 
revealed a transmission limit of 38008. for small exposures while for long 
exposures the limit was extended to 3600 A. To see if further exposure using 
a powerful light source would extend the transmission limit, a mercury arc 
was used and exposures of the older of 45 minutes could just reveal the 
bright line near 3140 8. 

As complete opacity sets in by about 3800 A for reasonably moderate 
exposures, absorption spectra could be photographed easily using a gas 
filled tungsten lamp with a thin glass bulb. The glass for exposures of 
one minute absorbed wavelengths shorter than 3100A transmitting freely 
in the region upto 3200A. As such, a bulb of this type run on a higher voltage 
than usual was used as source for densitometric measurements, which were 
made in the usual way. 

(6) Infrared. Studies in the infrared are usually carried out by thermo- 
piles, but as the region of interest in this case was below io.oooA a photo- 
cell sensitive to the red and near infra red regions was used. Though the 
photocell is quite at a disadvantage for spectral energy measurements, yet 
in the regions for which it is sensitive a great accuracy can be attained which 
is limited only by thermal emission and leakage belween the electrodes. 
The measurement of currents greater than io“ 10 anipeie was done by ampli- 
fying the photo-current by a D. C. amplifier. This was originally designed 
by Yu (1946) but in the present amplifying system (figure 1) certain changes 
were made. 



+ 4»V fCWV +49 


Fig. 1 

Circuit diagram of the amplifier 
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It was found' that by introducing the galvanometer in the output of the 
second valve, a greater steadiness in output valve was obtained. To counteract 
the steady output current of the valve, an opposing current was passed 

through the galvanometer which could exactly balance it. But foi currents 
lower than io 10 ampere, a I^iudeinann electrometer was used. 

The source of light was a 150 candle power pointolight lamp, the radia^ 
tion from which was condensed on to the slit of a spectrometer. A filter 
was used to cut off all radiations below 7 5200^. As the dispersing element 
was a plane grating, the filter served the purpose of cutting of all radiations 
less than 5200& in the second order sepectfrum thus enabling values to be 
obtained oonveniently till io,ooo& in the fir$t order. The specimen was 
held in a suitable holder and placed in between the filter and the collimator. 
The radiation from the grating is condensed on to a slit capable of admitting 
40 A at a time in the red region, by means of long-focus achro- 
matic lens. The photo cell was placed in a black housing with an aperture 
in front containing a narrow slit. The radiation ensuing from the first slit 
is condensed on to the second, by means of a quartz cylindrical lens. The 
photocell used had a caesium oxide surface sensitive to radiation between 
5000 & and 12000^. The current was measured by determining the time 
rate of increase of potential of a small high quality condenser. 

If Q = CV 
dQ /d t =i=c 

The capacity of the condenser was adjusted initially so that the time for 
charging the electrometer to a potential of one volt was between io and 35 
seconds. The value finally adopted was 250 micro-micro farads. The 
absorption coefficients were determined by noting the times of charging the 
electrometer needle to potential of one volt, with and without the specimen 
before the slit of the instrument. As the times of charging are inversely 
proportional to the intensities of incident light the quautity v which is the 
transmitted fraction of the incident energy becomes equal to 



were / a is the transmitted energy, the incident energy, and and t 3 being 
the times of charging the electrometer with and without the sepecimeu, the 
mean of eight readings being finally abopted. 

Figure 2 shows in detail, the arrangement of the infrared monochro- 
mator as well as the Lindemann electrometer. 

The complete spectrometer was first calibrated for the mecury radia- 
tions 5461S. and 5780A as well as X), and D 2 lines of sodium. As the 
voltage of the cell was quite low the photoelectric responses for different 
intensities were quite linear. 
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Infrared monochromator together with the Iyiudemami electrometer and photocell 

Much of the work was done in the winter months when the atmosphere 
was dry. As an additional precaution all work done with the electrometer 
was on sunny days with perfectly clear skies when reading could be re- 
produced properely. 

For detecting the M band specimen, A x was used while the decolorised 
specimen A s was used to show which of the bands observed are due to 
impurities and which are not. 

RESULTS AND DISCUSSION 

Table I below gives the density values and corresponding absorption 
coefficients for different wavelengths. These can be seen diagramatically 
represented in figure 6. An absorption band reaching opacity by 3000A 
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PLATE XV 



Transmission limits ol .uurtlivst (|uart/ in tin* ulti isinlil. spuitncu \i 

rent i \po\urr tunes 

la) I minute. (b) .‘l minutes (i) 7 ininiiti s. (d) 15 minutes 


l*t 



Fifi. 4 

Absorption sjm c lium ol amethyst quart/ in thr ultraviolet 
(a, d) Hu an < omparison spec tnnri 
(h) Decolorised sperinirn A2 
h ) Specimen A 1 
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can be seen to be present- This band occupies just the same position and 
shape which a F-band in rocksalt does. To test whether this band is iea!iy 
a F-band, we have to resort to heat treatment. 

Table I 

Absorption coefficients for amethyst quaitz in the ultraviolet 


Wavelength in Angstrom 
units 

Density 

l i 

! 

* i 

; 

* 1 

Alis ,rptiou coefficient per cm 

4046 

0.077 

1 

' j 

* 0.93 

387s 

° 4 S 7 

j 

23.47 

3620 

0.591 

i 

• i 

30.10 


The sepecimen used for the study of the removal of F centres by thermal 
treatment was used for absorption in the ultraviolet. No radical change in 
the tiansinission was noted after the heat treatment, even after removal of 
all the F centres. Consequently, we have to infer that the band in the ultra- 
violet in amethyst quartz is not a V band but it may be some band which 
masks entirely the effect of the l -centres, if any such exists. 

In Plate XV, figure 4, we have the absorption in the visible and ultraviolet 
regions of both the specimens A, and A 2 - Specimen A has a greater 
tiansmission in the ultraviolet than the specimen A, . But this was just the 
case before decoloration, and hence the increase in the transmission cannot 
be ascribed to thermal treatment. Plate XV-figure 3, shows the transmission 
limits in the ultraviolet for specimen A, for different exposures. For very 
long exposures the limit does not exceed 4630A. 

Koch and others have noticed that small quantities of thallium halides 
may be dissolved in the alkaii halides and that the resultant mixed crystals 
exhibit narrow absorption bands in the ultraviolet, visible and near infrared 
regions. As many previous investigators have detected iron in the 
form of Fe 3 0 3 in amethyst quartz, it is quite possible that the band 
in the ultraviolet is due to the presence of iron as impurity. Unaffected by 
thermal treatment, the band in the ultraviolet remains as it is, in spite of 
removal of F-centres [Plate XV, figure 4 (^ 1 - Furthet, in the absorption 
spectra of specimens A t and A 2 we find different transmission limits, the limit 
in the case of A 2 being about 3300 A for short exposures while that of A, is in 
the neighbourhood of 3 800 A. Thus we sec that transmission limits do 
fluctuate from specimen to specimen- 1 his can be explained as due to the 
difference in iron content of the two specimens. And this is all the more 
probable because specimen A 2 was picked up from a different quarry. 

The absorption curve for coloured amethyst quartz indicating the 
different bands in the infrared can be seen in figure 5- For coloured 
amethyst quartz we have three distinct bands with maxima at wavelengths 
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7850 ft, 8350ft and 9 200 A respectively. The bands at 7850ft and 8350ft are 
bell shaped and fairly narrow, whereas, that with maxima at 9200ft is very 
broad as can be seen clearly in curve(/l) of figure 5. In the decolorised 
specimen we have two bands at 8350ft and 9200ft respectively, the positions 
and respective shapes being identical with the two bands in the coloured 
variety. The band at 7850ft is completely missing in decolorised specimen 
A a , while the 8350ft band of A 2 has a higher absorption than the correspond- 
ing one in A t . But there is a decrease in the magnitude of the 9200ft band 
of A a when compared with A t . 



Fig. 5 

The absorption curve of amethyst quart/, in the near infrared. 

A. Amethyst quartz specimen 
It. Decolorised amethyst quartz 

The 7850ft band is thus removed completely by thermal treatment, 
whereas, the other bands are not. Therefore, its origin is akin to that F-band. 
It can, therefore, be an F-band or an M-band. F-bands are usually found on 
the long wavelength foot while M bands are situated farther on, on the 
normal absorption curve. As the 7850ft band is slightly away from the long 
wavelength foot it may be considered to be an M-band. 

Of the two other bands we find that thermal treatment has no effect on 
their structure. As such it cannot be due to any absorption centres of 
the type of F-and M-centres. And as we have an impurity band in the 
ultraviolet, it is quite probable that these may owe their origin to such 
impurities, in this case the impurity being iron. 
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CONCLUSION 

In figure 6 is given the complete absorption curve of amethyst quartz in 
the ultraviolet, visible and near infra-red regions, showing the /' -bands, and 
AZ-bauds and a band in the ultraviolet. The curve is almost similar to the 
one obtained by Molar in the case of potassium chloride irradated by X-rays 
except for the baud in the ultraviolet which may perhaps be due the iron 
impurity. Choong (1045) has, however, obtained a baud in the ultraviolet in 
the case of fused quartz coloured violet by radium rays. The slight humps 
beyond the F and M bands may also be due to the impurity as these appear 
also in the infrared spectrum of the bleached crystal. 



Fit;. 6 

Absorption curve of amethyst quartz in the ultraviolet, visible and near infrared 
regions 

Seitz is of the view that a centre formed by combining an F-centre and 
a pair of vacancies may be responsible for the M-band. That the whole 
absorption phenomenon observed in the case of amethyst quartz is almost 
similar to those observed in coloured alkali halides, shows that the process 
responsible in both cases must be of same nature. These facts also establish 
that amethyst quartz behaves like a polar crystal, as far as absorption is 
concerned. This receives further support from the study of the photo- 
conductivity. Finally, it can be said with confidence that the colour of 
amethyst quartz is due to the colour centres formed by exposure to penetrat- 
ing irradiation at some remote period in the evolution of the earth. 
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ABSTRACT The effect of temperature on the plateau ehaiactn i.sties of m If uticiu lit d 
and ex lei na!1\ «|uetu*hed counters was studied. 1 »c >t 1 1 types showed n «U 1 m iot *»iion of 
plateau from zo to 6o°C, in.spile of the fad that they w ere (jiienelied extern, ill v f*n io 
sec. The results have been explained on the hypothesis of the f»i million «>f 1 - jlt 1 f v c < 1 
inetastable 2' i I > o states of mercury atoms Traces of mercury \apour and fur im inu \ 
are always present in counters due to the diffusion pumps, gauges etc connect* d to filling 
manifolds. These mctastablc states return to normal in io tt sec. and trigiri i a spin i. ih 
discharge in doing so. The ellect was more pronounced in argon -hydrogen i winter than 
in rugon -ether .self-quenched cnunler«. 


intro T> r rrioN 

The life of self-quenched Geiger counters is limited due to the disinte- 
giation of the polyatomic hydrcaibon molecules of the vapour of the quench 
ing material. To run long term experiments on the time vaiiation ot cosmic 
rays a stable counter with a filling of permanent gases like aigon and 
hydrogen is more reliable as there is no possiblitv of a progressive deteriora- 
tion with time. But these counters show a change in their plateau 
characteristics with change of working temperature in much the same way 
as the self-quenched counters. 

Other workers who have observed the temperature effect in self- 
quenched counteis have attributed it to the adsorption of hydrocarbons on 
the cathode cylinder which increases its work function and diminishes its 
ability to produce photoelectrons (Korff, 1046 ; Prakash, 1049 i Kinmra, U)5° 
and Prakash and Kapur, J950). On heating the counter this film is supposed 
to be evaporated thereby increasing the probability of the pi eduction of 
spurious counts and increasing the slope of the plateau. At low tempera- 
tures this hydrocarbon gets condensed and produces a short circuiting Him 
inside the counter aud thus the counter deteriorates. This hypothesis is 
quite convincing as far as the self-quenched counter is concerned but the 
possibility of other constituent gases playing an important role is not ruled 
out. The other gases are argon, with which the counter is filled, and traces of 
mercury vapour which is always present in counters due to the diffusion 
pumps, manometers and gauges connected to filling manifolds. 1 iie amount 
of mercury vapour present in the counter is a variable quantity and changes 

2— i832F— 8 
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with variations in temperature. This is due to some free mercury which 
appears in the counter as a result of back diffusion from the mercury diffu- 
sion pump which did not have a trap attached to it as has been mentioned 
earlier. The method by which the constituent responsible for the tempera- 
ture effect can be singled out is by a process of elimination. This is, 
however, not possible in the case of the self-quenched counter in which the 
quenching vapour is essential for working and as such cannot be eliminated. 
This is the reason why the data on the temperature effect in argon-hydrogen 
counters become valuable as in this counter organic vapours, which are 
known to cause temperature dependence, are absent. 

While designing the equipment for time variations of cosmic rays an 
externally quenched counter with a filling of argon and hydrogen was 
developed and the effect of the working temperature on the plateau 
characteristics of this counter was studied in some detail. For this put pose 
a comparative study was made of argon-hydrogen filled externally quenched 
counters and argon-ether filled self-quenelied counters. 

E X P Ti R T M It N T A L 

The externally quenched counter was quenched by a special multi- 
vibrator circuit which is a modification of the Johnson circuit. To make 
the conditions identical the external quenching circuit was connected to the 
self-quenched counter also during these experiments. This circuit increased 
the dead time of the counter to jo * 3 sec by keeping the counter potential 
reduced by 300 volts for io' 3 sec after a true discharge. 

Both the counters were metal-in-glass type with a copper cathode and 
tungsten central wire. The argon-hydrogen counter was 12" long and had 
a diameter of 1.0". It was filled to a pressure of 20 cm. of Hg with 18 cm. 
of argon and 2 cm. of hydrogen. The self-quenched counter was 12" long 
and its diameter was 1.2". It was filled to a pressure of 9 cm. of Hg with 
7 cm. of argon and 2 cm. of petroleum ether. The counters were evacuated 
to io -4 mm. Hg and the central wire was flashed. The argon used was 
spectroscopically pure. Evacuation was done with a mercury diffusion 
pump without a trap and a Me Leod gauge and two mercury manometers 
were connected to the filling system. 

The same quenching circuit was used throughout the tests and it was 
adjusted for maximum efficiency. 

To study the effect of temperature on Geiger counters a thermostatic 
box was used. The temperature inside this box could be controlled to 
within i°C between 25°C and 8 o°C. The counter was kept inside this box 
and it was given sufficient time at every temperature to settle down after the 
change. The characteristics have been obtained only after the counter had 
been sealed off from the filling manifold and after it had aged properly till 
there was no further improvement in the plateau with lapse of time. 




Fic;. - 

Quenched counter forgon-cther) 
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DISCUSSIONS 

As mentioned earlier any one of the three gases present in a counter i. c. 
organic vapour, argon or mercury vapour, may be responsible for the 
temperature effect. In the argon-hydrogen counter the first is automatically 
eliminated. 

Spurious counts in a Geiger counter are generated in many ways but 
one of the main processes responsible for them is the formation of metastable 
states of the counter gases with long life time. These metastable states return 
to normal and in doing so give rise to a spurious discharge. The addition 
of hydiogen results in the quenching of the metastable states of argon and 
since this is done within the daed time of the quenching circuit i. r. 
io h:{ see. vve cannot except spurious counts arising out of this process. 

Putnam (1048) has reported that self-quenched counters could be made 
substantially temperature independent by quenching them externally for 
io h:! sec. This suggests that the temperature effect in his case was due to 
second and third order phenomena which would not be initiated if the 
counter potential is kept low for 10''“ 4 sec or more after the initial avalanche. 

The counters in the present experiment were quenched by a circuit 
which reduced the counter potential by about 300 volts and kept it down at 
that value for io m3 sec. Since both self-queuched and externally quenched 
counters connected to this circuit .showed the temperature effect it is quite 
obvious that the phenomenon observed is quite different from that in 
the experiments of of Putuam. One is naturally inclined to suspect some 
mechanism for the generation of spurious counts in which there is a time lag 
much more than 1 o" 3 sec. Korff ( r Q4 b) has also observed “enormous” pulses 
at high pressures of mercury vapoui. 

The increase in the number of spurious counts in this experiment can 
be explained by the picscnee of mercury vapour in the counter. Normally 
in a sealed-in counter no variation of the quantity of mercury vapour can be 
anticipated with the increase of temperature. But in the present case traces 
of free mercury were also present in the counters after they were sealed as a 
result of hack diffusion from the mercury diffusion pump. There is an 
increase in the amount of mercury vapour in the counter with the increase 
of temperature since at the higher temperature some free mercury will go 
into the gaseous state. The vapour pressure of mercury is 10"* 3 mm at 
about 20°C but at 8o°C it rises to 0.1 mm. This represents a change in the 
amount of mercury vapour by a factor of lod. The specific ionization of 
mercury vapour is almost twice as much as that of argon and, therefore, the 
change in the vapoui pressure of mercury can be expected to be very 
effective. It was found that the starting potential was reduced on heating 
the counter and this can only be explained by the increase in the proportion 
of a gaseous constituent having a high specific ionization. This also 
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eliminates the possibility of the adsorption or absorption of hydrogen on 
the cathode and subsequent re-evaporation on heating being a significant 
process for the temperature effect. Had this been the case, the statting 
potential ought to have increased considerably since the specific ionization 
of hydrogen is only about a fifth of that of argon. 

If mercury atoms present in the counter go into a metastable state of 
long duration (say greater than io“ :J sec) and subsequently tiiggei an ava- 
lanche while returning to normal it wotald be possible to explain the 
temperature effect in argon-hydrogen counters which persists inspite of 
external quenching for io~ 3 s^c. It is well known that meicuiy atoms m 
the 2 :x l\ metastable state pass into the long lived 2 *l\ t melastable state ( j 7;-) 
which has a life time of io w ‘ 2 sec (Hughes and Dubridge, 1032 and also 
Dorgelo, 1925). If the initial discharge starts this mechanism any quenching 
circuit which reduces the counter potential for only 1 < see would 
obviously be unable to deal with the spurious counts arising out of it. 
It is also known that the number of mercury atoms in the 2*7\, slate inct eases 
considerably in the presence of argon (Hughes and Dubtidge, 

In our counter containing argon and mercury vapour we can expect an 
increase in the number of long lived metastable atoms as we have the 
requited conditions for this mechanism due to the pieseiicc of aigon. 


C O \ c* I, I'D I N <; k K M \ k K S 

Fiom the above considerations it ap]>ears to be veiy likely that the 
ai gon- hydrogen counter containing traces of mere ury vapour cannot be made 
temi)erature independent by (juenching for sec Putnam (iqjSjhas 

reported complete temperature independence in self-quenched counters 
after external quenching was also used but in the experiments reported here 
although there was a marked improvement in self-quenched eounteis but still 
the temperature effect was evident to a large degree. This can only be due 
to the presence of mercury vapour. 

These experiments on self-quenched and externally quenched eounteis 
suggest that mercury vapour can cause a large teinpei ature eflect. 
Although it has not been possible in these experiments to study the effect 
complete elimination of mercury from counters it will be attempted in futme 
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Plate XVI 

ABSTRACT. Using Kodak i-N plates a band system due to CbO molecule is 
obtained in the infrared for the first time. Hands in the region AA767Q - 6033 aie reported 
with an analysis. Possible interpretations of the electronic transition are discussed. The 
following formula is obtained to represent the system 

15484*1 

15431.3 

+919.5 (v'+ 1/3)- 20.3 {v'+ 1 1 2 ) 2 - 996,0 (v"+ 1 / 2) +9,0(1'"+ 1 / 2)^. 

15244*9 

148806 J 


INTROD U C T I O N 

The band spectrum of CbO molecule was first obtained by one of us 
(Rao, 1950) in various sources, primarily the D. C. arc of the conven- 
tional type. The bands were obtained in the region AA4200-6450 and 
divided into three systems ; System A, AA4 200-51 00, system B AA5100-6100 
and system C , A6100 to the limit of sensitivity of the panchromatic plates 
used at that time. A satisfactory analysis was then carried out for system 
A and tentative analyses were given for A and C % With regard to system C 
it was pointed out that only one group was obtained and there was 
considerable overlap between B and C. It was then suggested that possibly 
this group at A6100 might be the A'** — + 1 sequence of a system extending 
further into the infrared. On an anology with the TiC) and ZrO (Lowater, 
1929 and 1932) it was also pointed out that the analysis of this band system 
might provide a clue to the electronic states involved in all the band systems. 
In view of the above consideration an investigation of this band system C 
was taken up during his (Rao) stay in Chicago in 1950-51. Using Kodak 
i-N type plates the complete band system was studied upto 8500 A.U, as 
predicated. A preliminary report of these bands in this region was made 
by V. R. Rao at the symposium on molecular structure and spectroscopy at 
Ohio State University, Columbus, Ohio, IT. S. A, in June 1951. In the 
following pages a discussion of these bands is presented. 

* Communicated By Prof. K. R. Rao 
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H X I* I! R I M If N T A h 

Thu bands were easily obtained in the flame of a conventional D. C. arc 
at no volts, 3-4 ampers, run between metallic electrodes of columbium. 
Kodak i-N plates- were used to photograph the spectrum upto A8500 A. U. 
For preliminary investigations a glass Littrow instrument at the University 
of Chicago was used. Pictures were also taken on the io' grating at 
the Gas Institute, Illinois Institute of Technology, Chicago, and on the 
21 foot concave grating in the first and second orders at the Yerkes 
Observatory, Williamsbay, Wisconsin, U. S. A. Thus we had pictures 
in dispersions 17, 5.2, 2.8 and 14 A. II. pur mm. Measurements were 
made under all these dispeisions on what appeared to be most probably 
the vibrational band heads. 


!> K S C R I 1* T I O N » > F T II li N U W S P It C T R U M 

The bands obtained in the region 6250-8500 A. U. are to be considered 

in conjunction with the group obtained in the earlier work (loc. cii). The 
bands are all well degraded to long wavelengths. The band group between 
AA6464-6S30 is very intense and conspicuous. To the violet of this gioup 
and at about A6100 lies the group discussed in the earlier work as part of 

system (,’. It is quite possible that some bauds related to this system C 

may lie further into the violet thus extending into the region of what was 
previously designated as system ft. On the red side of the first mentioned 
group of bands there is a group starting from 2920 A. U. with a systematic 
band structure. From A7200 upto A7800 the region is very difficult for 
recognising band heads, particularly on the 21' grating pictures. All 
indications are that system C might possibly terminate in this region. 
Rotational structure was open to different degress on plates of both low and 
high dispersion. This featute is, however, rather unfortunate for a vibra- 
tional analysis, a definite location of a band head being not always easy. 
Spurious band heads (positions in which there may be some accidental grouping 
of rotational linesj are deceptive- Also if there is an atomic line in the 
vicinity of such a grouping, one gets the impression of a strong band. The 
latter difficulty is particularly troublesome with small dispersion spectro- 
grams. It appears that an optimum dispersion of about 5 A.U, per mm, 
seems to be most desirable for bands of this type. 

The wavelength, wavenumber together with intensity and assignment 
of these bands are given in Table I. Measurements were made only on 
what we considered to be the vibratonal bands under all dispersions used. 
Plate XVI gives an impression of these bands and the more important 
assignments are marked on it. 
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Band spectrum oi CbO 

ft grating. 1st order . 'b . 0.0 sequence. -M ft erating. 1st order 

c , ( >J sequence. 21 ft. grating. 2nd order 
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Tabu* I 

Catalogue of CbO band beads 


Wave length 
(A. V ) 

Wave 11 timber 
observed 

lilt. 

Assign me net 

Wave number 
Calculated 
(cm ! ) 

1 )eviation 
(cm -1 ) 

7678.19 

13020.3 

3 




69.93 

13034-4 

3 




3638 

13091 .6 

2 

, 



7584 93 

131S0 4 

3 

' 



7465.16 

I 339 I -9 

2 

u (i,.?) • 

13388.4 

3-5 

32-6 * 

‘5450 


II (o |3 ) 

13451-7 

— 1.7 

7383-89 

13539-3 

3 



79-58 

13547*2 

3 




7263.98 

13762 8 

2 




07.73 

j I3870 2 

I 



I 

7184.91 

j I 39 M 2 

3 

in 0.41 

13913.8 

| 0 4 

83-35 

i 13956.1 

2 



i 

1 

35 90 

| 14 09.8 

3 



1 

2* >.42 

14010 2 

3 

HI ( 2 . 3 ) 

I 4 ,, - 1 ° 3 

1 — 0.1 

7090.75 

; 14' qq 0 

3 

II (.?,l) 

14100.2 

-1.2 

68 . 20 

14144-0 

'1 

! m ( * >2) 

14 * 41.2 

0.2 

51.02 

14178.4 

2 




27.28 

14226.3 

4 

II U, 3 > 

14226.7 

-0.4 




III (0,1) 

14325.5 

0.8 

jg 6 1 

14241.9 

2 




6976 41 

14330 * 

3 

II ( 1 , 3 ) 

14330.6 

-0.5 

69 36 

M 344 6 

4 


14383 4 


50.90 

14382.7 

4 

I (1,2) 

-0.7 

36.33 

14412.9 

2 

II (0,1) 

14411.9 

— 1.0 

26.16 

14434.0 

2 


14464-7 


11 96 

14463.7 

1 

I (0,j) 

— 1.0 

6873.29 

I 4545 -I 

2 




6780.36 

14744 4 

3 




56.76 

14795-9 

4 


14838.3 


37 09 

14839.1 

5 

III (3-3) 

0.9 


IV (0,0) 

14839.4 

-0.3 

669415 

14934-3 

2 




75 66 

14975-7 

2 

11 (3,3) 



54-52 

J 5°23 2 

3 

15024.4 

— 1.2 

32-94 

15072. 1 

2 

I ( 3 , 3 ) 

15077.2 

“ 5-1 

18.68 

15104.5 

2 

III (r.i) 

15104.4 

0.1 

06.06 

13^33 4 

3 




6594 03 

15161.1 

3 

II (2,2) 

15168.9 

— 0 6 

90 8? 

25168.3 

3 

75 61 

15203-5 

2 

III (o,o) 

15203 7 

—0.2 

66.1 * 

15226 


I (2,2) 

15221.7 

4 3 

59 Si 

38.03 

15240-2 

15290.9 

2 

2 

TI (r,i) 

15290 s 

0.1 

20.44 

15.18 

15332 2 
15344*5 

2 

2 

I (i.i) 

153436 

0.9 

10.67 

15355-2 

3 




6499.41 

15381.8 

3 




95-64 

15390.7 

5 

II (0,0) 

1 539 °- 1 

3*5 

94.84 

15392.6 

5 

. 83.04 

73 . 8 o 

15420.6 

15442.7 

3 

3 

T (0,0) 

1 5442.9 

— 0.2 

63 18 

15468.0 

1 




07.07 

15603.5 

1 




6387 86 

15650.4 

1 




85 80 

15655.4 

1 




72.92 

15687.1 

1 




70.93 

59.9 * 

15692.0 

15719 

1 

IV (1,0) 

15718.3 

0-7 

29.21 

15795*4 

1 


. 



♦ These bands were measured on the Littrow spectrograms 
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Taiu.e I (contd.) 


Wave length 

(A. It.) 

Wave number 
observed 
(cm" 1 ) 

Ini. 

Assignment 

Wave number 
calculated 
(cm J ) 

Deviation 

(cm’ 1 ) 

63O9.I8 

15845 6 

1 




6262.6l 

15963-4 

2 




57 - 18 

15977 2 

1 




3111 

16044.1 

2 




28.08 

1605X.9 

2 




I6.OC) 

16082. X 

2 

III (1,0) 

16082.6 

0.2 

6199.1 * 

16127 


TI (2,1) 

16129. T 

— 2 1 

92.32 

16144.6 

2 




77.3 * 

16184 


1 (2,1) 

16181.9 

2.1 

76.07 

16187 1 

0 


1 


54-73 

162432 

2 

. 

1 


45 06 

1626S 7 

3 

II (1,0) | 

16269 0 

-0.3 

28.57 

16312 5 

3 




24.01 

16324 7 

i 

! I (1,0) ! 

16321.8 

2.9 

20.07 ' 

16335-2 

4 

i 

! ! 



19.74 

16336.1 

4 




13.73 

16352.1 

1 

1 

I 1 



6096.64 

16398.0 

1 

! 1 
1 



87.98 ! 

16421 3 

1 

1 

j 

i 

1 


77-88 j 

16448 6 

0 

l 

1 


66.og 1 

164S0.5 

0 

1 

1 



47-34 1 

16531.6 

2 

l | 



34-23 | 

16567.5 

1 

■ 1 

j 

i 



* These bands were measured on the I.ittrow .spectrograms. 


ANALYSIS 

The strong group of hands in the region A6400 is evidently the Av~o 
sequence. The intense and well defined nature of the bands, the marked 
degradation to the red and the general appearance of the system C gives at 
the first sight an impression of a very simple sequence structure of an open 
Franck-Condon parabola type. However, successive attempts at analysis 
proved this to be an erroneous impression, and the vibrational structure 
turned out to be more complex than it appeared. Various vibrational 
schemes were attempted with the strong bands of this group as members of 
a sequence without success. It was assumed that systems A and C might 
share a common state. The conspicuous red degradation of the bands 
indicates that u> t " must be considerably larger than w/. With this require- 
ment it was seen that only the lower state could be common to the systems. 

Several types of combinations with the strong bands in the region 
15393 cm" 1 as o, o etc., were formed but the analysis did not progress. 
For example, one typical case was with 15468, 15442.7, 15420.6 and 15392.6 
as the four components of the (o, o) band. This means that multiplet 
separations are supposed to be much smaller than the vibrational separations 
in both states. Failure with this approach led us to a speculation of the 
possible order of magnitude of multiplet separation. It was found that the 
.order of multiplet separation in TiQ and VO (Keenan, 1952) are respectively 
66, 75 and 73, 36, S7 cm -1 . In ZrO the values are 292, 313 cm" 1 . We 






403 


Complex Band Spectrum of CbO in Infrared 

find these values much larger than the corresponding values in Ti< > (the 
terms involved in both are triplets). It is reasonable, therefore, to expect 
multiplet separations to increase considerably when we go from VO to CbO. 
It is possible that system C of CbO aud the infrared bands of V< ) discussed 
by Keenan may have similar electronic transition. Keenan pointed out the 
possibility of quartet term transition for the infrared system at the 
suggestion of the senior author (see foot-note,: page 87, Keenan’s paper). 
From his data it was, therefore, expected tl>at the multiplet separations are 
of the order of 300 cm -1 . It is also worthwhile noting that the values 
obtained by Keenan are not nearly equal ; the second one is about half the 
value of the other two. An attempt on the above lines succeeded witli 
comparative ease in building up the Deslafljder’s Table (Table 11 ) which 
includes practically all the intense bands in the spectrum. The important 
band heads are marked and shown in Plate XVI. The main features of this 
analysis are as follows : the lower stale vibrational differences are nearly 
equal to those obtained in system A. The vibrational constants, as 
calculated from system C, are u>/ — 996 cm -1 and x /'<,>/' = i).o cm" 1 . The 
corresponding values for system A are 1000.9 and 6.5 cm" 1 respectively, 
while taking note of the difference in values to the extent of 6.7 cm" 1 it 
should be pointed out that the values for A were obtained with glass Littrow 


TAm.fi II 


v " 

0 


J ; 

1 

1 



\ j 

3 

4 

v ' i 


| 


j 


! 



0 

r 

n 

in 

IV 

15442.7 

J 5392 - 6 

I 5 a f ' 3-5 

14839.1 

979 0 
979 7 
977 s 

*4 4*3 7 

1 |.ji ’.ci 
14226 3 

963 

1 

1 345 ° 







iViS’j.o 

Syo.i 
879 3 
SSo 


SSo s 
SyS 0 
SyS. 2 


SSo 





I 


16324 7 
16268.7 
16082 8 
1573 Q 

gSo 2 

977 * v 
978-3 

J 5344-5 
15*90.9 
i 5 J ° 4-5 

i)(n.S \ 
i)(>o S 
g6o 5 

1 M 3 S -’ 7 

: 1433“ » 

14144.0 

938-2 

13391 9 







840 

836 


843 

838-2 

l 


834,4 



2 




16184 

16127 

958 | 

959 j 

! 15226 

15168.3 

• 

94 2 0 

14220 3 
14040.2 








| 

• 


796.9 
ygS.g \ 



3 





l 



15072.1 
15023 2 
148391 

927.2 

927.9 

1 

14099.0 

13914.2 
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data. Work is in progress of obtain the values with higher dispersion 
spectra and compare for the two systems. The upper state has w% = 919.5 
and = 20.3 cm' -1 . The corresponding values for system A are 855.2 

and 3.9 cm“'. 

The mean separations between T, II, III and IV are 52.8, 186.4 and 
364.3 cm" -1 . All the four bands arc not identified in all v\ v" positions. 
The At = o and — 1 sequences could be followed upto four members, and 
Au = i sequence could be followed only upto two members. The following 
formula represents the bands. 


15484.1 ) 


V 


I543I-3 , 
15244*9 
14880.6 , 


+ 91 9- 5 fa' + i) — 20.3(1’' + \)~ — 996.0 (v ff + J) + 9.o(v" + |) 2 


Table I shows the calculated values and their deviation from the 
observed values. 

The marking of the band heads shows a Av= — i sequence superposing 
on the Ad = o sequence of I. This possibly might account for the 
considerable difficulty experienced in the analysis. 


DISCUSSION OF THE R K S tJ h T S 

It was expected that a vibrational analysis of these bauds may give a 
clue to the electronic transitions involved not only in this system C but also 
in system A. It must be admitted, however, that the hope was not fulfilled. 
The interpretation of what we designated as I, II, III and IV is far from 
clear. These four cannot possibly be treated as four different systems : foi, 
then they cannot have both states common. 

Considering the number of electrons for the molecule CbO, the electro- 
nic terms must be only of even multiplicity. In fact they can only be 
quartets and/or doublets. One possibility of explaining four branches is to 
consider the terms to be 4 H and 4 5 . In such a case the separations obtained 
are actually those of the 4 multiplet levels in the 4 II state as 4 2 may be 
treated as single for purposes of vibrational analysis. In TiO and ZrO the 
transitions for the corresponding systems are 3 S — TI. In vanadium oxide 
Keenan reported 8 bands in each position, four of which were multiplet 
heads and four others their lotational heads. We have not succeeded in 
obtaining 8 bands as in VO. For the above explanation to hold the 
rotational heads may have to be considered very weak. Even then the 
intervals observed are quite divergent. The multiplet separation (A) is 
generally about equal between any two levels. It may be added that it is 
not the case in VO as well. However, t he evidence is not enough to assign 
this band system to the electronic transition 4 3 — 4 II. 

Another interpretation is the possibility of doublet terms, However, 
the lower state of system A has been suggested by one of us (V. R. Rao) to 
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be a quartet term. This was established by K. S. Rao by working out the 
rotational analysis of the ( i, o), (o, o) and (o, ll bands. If system (' is a 
doublet transition there cannot be a common state between .1 and (’. 
However, it is highly improbable that systems .1 and ( should not have at 
least one state in common. The intensity of the system dees not easily 
permit a suggestion of an iutcicombination like doublet-quartet transition. 
Taking all these points into consideration we have to leave the question of 
electronic transition open. 
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ON THE RAMAN SPECTRA OF 1 , 2-D1CHLOROETHANE 
AND 1,1. 2-TR1CHLOROETHANE IN THE VAPOUR 

STATE* 


By MONOMOHAN MAZUMDKR 

DllIl'S Dltl’AKTMliNT, lM)J\N ASSOCIATION V'OK THIv Cl UTlVATlON OF SCIKNCK, CaU‘UTTA*33 
(Received for pnblicalin, Inly 
Plate XVII 

ABSTRACT. The ratio of intensities of the lines 755 and 654 cm" 1 in the Raman 
.spectrum of i, 2-dichl -roethane vapour at 135*0 has been measured quantitatively and 
compared with that reported for the vapwr at 170 °C by previous workers. It has been 
observed that a catastrophic change in the intensity ratio takes place with the change of 
state from liquid to vapour phase. The values of the intensity ratio, however, change 
only very slightly with the change of temperature of the vapour from 135*0 to 170*0, so 
that the difference in energies of the two types of molecules to which the two lines are 
attributed remains the same in the case of the vapour as in the case of the liquid. It is 
pointed out that the catastrophic change in the intensity ratio cannot he explained on the 
assumption that two types of molecule.* co-exist in the liquid, the relative populations of 
the molecules depending on their partition functions and energy difference, and that some 
sort of stronger interaction between the molecules in the liquid state is to be postulated 
to explain the apparently anomalous results. 

In the case of 1, i, 2-trichloroethanc the line 775 cm’ 1 for the liquid at i2o°Cis 
totally absent in the spectrum due to the vapour at i7o“C. It is pointed out that this 
change takes place with the change from liquid to the vapour state., Probable explana- 
tion for this phenomenon has been offered. 


INTROl) U C T I O N 

The Raman spectra of 1,2- dichloroethane in the liquid and solid 
phases have been investigated previously by Mizushima el al (1938) and 
Bishui (1948). It was observed that some of the prominent Raman lines 
disappear when the liquid is solidified. Mizushima ct al (1938) pointed out 
that the Raman spectrum of the substance in the solid state can be explained 
on the assumption that the molecules are of the trans form in the solid state 
while the Ratnun lines due to the liquid phase aie probably due to two 
types of molecules, one of the ‘trails' configuration and the other of the 
‘gauche’ configuration. They also studied the Raman spectrum of the 
substance in the vapour state at i7o°C (Mizushima el al, 1949) and observed 
that the spectrum corresponds to that due to a mixture of trans and gauche 
molecules in the ratio 1 : 0.34, while in the liquid state the ratio was found 

* Communicated by Prof. S. C. Sirkar 
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to be i : 1.3. In the solid state the gauche molecules are found to be totally 
absent and all the molecules are of the trans type (Mizushima ct aJ, 1938b 
It is thus evident that if the ratio of the two types of the molecules depended 
on temperature alone the proportion of molecules of the gauche type should 
have been larger in the case of the vapour at i7<j°C than that in the case 
of the liquid at room temperature. Actually, however, the proportion 
diminishes with increase of temperature. This behaviour is thus anomalous. 
The object of the present investigation was t$ find out whether at a tempera- 
ture lower than X7o°C the ratio of the intensities of the two lines 768 and 
666 cm"’, assumed to be due to the trans and gauche molecules respectively 
in the vapour phase, is the same as or different from that observed in the 
case of the vapour at 1 7o°C. It was also thought worthwhile to investigate 
whether any other substituted ethane behave* in the same way with the change 
from liquid to vapour phase as 1,2-dichloroetliane. For this purpose the 
Raman spectrum of 1, 1, 2-lrichlotoethaue in the vapour state at i7o°C has 
been investigated and the results have been discussed in the present paper. 


K X V U U I M It N T A L 

A Pyrex tube about h cm in diameter and 38 cm long was used as the 
Wood's tube. Requisite quantity of the distilled liquid was introduced in 
the tube and it was sealed at the tail end after evacuation. The tube was 
placed in a horizontal cylindrical electric heater provided with two long 
windows parallel to its axis. The temperature of the vapour was raised to 
about i35°C and i7o°C in the case of 1,2-dichloroethane and 1,1,2-trichloro- 
ethane respectively and the vapour filled the tube at pressure of about four 
atmospheres in both the cases. The temperatures were measured with a 
mercury thermometer inserted in the heater with tube inserted in it and two 
mercury arcs running in their positions. There was an excess of liquid in the 
tube, about 1 c.c. in volume, and this was contained in a blackened bulb at 
the tail end of the tube. The bulb was connected to the tube through a bent 
tube so that this liquid was not visible through the window of the Wood’s 
tube. Two long mercury arcs of Pyrex glass made in the laboratory were 
placed near and parallel to the two windows of the heater and they were 
focussed on to the Wood's tube with two cylindrical mirrors made of 
polished aluminium sheets. 

An Adam Hilger two-prism glass spectrograph was used to photograph 
the Raman spectra. The dispersion was about 21 A per mm. in the 4046 A 
region. An exposure of about 100 hours was necessary to record the 
Raman lines due to the vapour with moderate densities. Ilford Zenith plates 
taken from a fresh packet were used. Suitable stops were used to prevent 
extraneous light from entering into the spectrograph. In the case of 
1, 2-dichloroethanc vapour a strip of black paper was placed in the position 
of the 435S A line to cut off this line, so that due to over exposure the line 
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might not produce blackening in its neighbourhood on the photographic 
plate. 

In order to measure the relative intensities of the lines 668 and 762 cm -1 
of 1,2-dichloroethane intensity marks were taken on a plate taken from the 
same packet using light from a tungsten filament bulb reflected from a strip 
of white unglazed paper and by varying the width of the slit of the spectro- 
graph. The plates containing the Raman spectrum and that containing 
the intensity marks were developed under identical conditions. Micro- 
photometric records of the lines were taken witli a Kipp and Zonen type 
self-recording microphotometer. The relative intensities of the two Raman 
lines were found out from the densities of the lines with the help of the 
blackening log-intensity curves for the two wavelengths corresponding to 
these two lines drawn with the help of the intensity marks. The background 
intensities were deducted from the total intensities at the centres of the 
lines in order to find out the relative intensities of the lines alone. In both 
cases Raman spectra of the liquids at room temperature and at temperatures 
slightly below the temperatures of the vapour were also photographed. 
As the line 654 cm’ 1 is narrower than the line 755 cm -1 in the case of 
the liquid as well as the vapour phase the intensities were multiplied by the 
relative widths of the lines to get the integrated intensities. 


RESUI/fS AND DISC P SSI ON 

The Raman spectra of 1,2-dichloroetliane in the vapour state at i35°C 
and in the liquid state at 30°C and i3o°C are reproduced in the Plate XVII, 
figures i(a), i(h) and i(c). The spectra for T,i,2-trichloroethane in the 
vapour state at I70°C and in the liquid state at 3o°C and i20°C respectively, 
are reproduced in figures 2(a), 2 (b) and 2 (c) in Plate XVII. The frequency- 
shifts are given in Tables land II respectively. Microphotometric records 
of the lines due to 1,2-dichloroethane having frequency-shifts in the range 
500-1000 cm” 1 are reproduced in figure 3. 

It can be seen from Table I that when 1, 2-dichloroethane in liquid 
phase is heated to i30°C its Raman spectrum does not change appreciably. 
The Raman spectrum, howcYer, undergoes considerable changes with the 
change from liquid to vapour phase. The lines 755, 680 and 658 cm” 1 due 
to the liquid at I30°C shift respectively to 762, 702 and 668 cm -1 in the 
case of the vapour at i35°C. Also the lines 2958 and 3005 cm” 1 due to C-H 
valence oscillation, shift respectively to 2972 and 3024 cm' 1 with the change 
of state mentioned above. As regards the ratio of the intensity of the line 
755 cm" 1 to that of the line 654 cm" 1 quantitative measurement by spectro- 
photometric method gave the results given in Table III, in which the data 
reported by Morino et al (1941) are also reported. 
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Table III 

Intensity ratio Ir.WlG.'i.i/fk-excitatiou) 


~ I 

Present author. j Morino ct al (1941). 


Liquid at 
30°C. 

1 

Liquid nt 
130'C. 

Vapour at 
KS'C. 

Liquid at 
2 5 °C. 

Liquid at 
i5o°C\ 

Vapour at 
i7o*C. 

1.8 : j 

2.0 i 

4.5 

| 19 : i 

2i:i 

5 * 1 


It is thus evident that the line 755 cm' 1 not only shifts to 762 and 768 
cm -1 with vaporization and increase of temperature to i30°C and I70°C 
respectively, but also the ratio of the intensities of the two lines 755 cm -1 
and 654 cm -1 increases with the change of state. Further, this ratio is found 
to be 4.5 : 1 in the case of the vapour at i3o°C, while Morino et al (1941) 
found that iu the case of the vapour at T7o°C the ratio is 5 : 1. Hence the 
ratio changes only slightly with the rise of temperature of the vapour. There 
are some discrepancies between the results repotted by Mizushima et al 
(1949) for the vapour at i7o°C and those obtained in the present investiga- 
tion. First, in place of the two lines 2958 and 3005 cm' 1 due to C-H valence 
oscillations of the 1, 2-dichloroethane in the liquid phase they observed two 
equally intense lines at 2962 and 2978 cni"' 1 in the case of the vapour 
at i7o°C. In the present investigation a strong line at 2972 cm - " 1 and 
another faint line at 3024 cm" 1 have been observed in the case of the vapour 
at i35°C. Probably the line 2972 cra H| has been split up into com- 
ponents at I70°C, but at I35°C there is no indication of such a splitting 
or broadening of the line and the line 3024 cm -1 is definitely present in the 
spectrum due to vapour at i35°C. Secondly, the faint line 680 cm" 1 due 
to the liquid at i3o°C has been observed to shift to 689 cm" 11 by the authors 
mentioned above and they have found the intensity of the line to be of the 
order zero in the vapour state although that of the line 666 cm -1 is 4. In 
the present investigation it is found that iu the case of vapour at 135 °C the 
line shifts to 702 cm -1 and its intensity is about half that of the line 668 
cm" 1 . This line can be clearly seen in the microphotometric records re- 
produced in figure 3. 

The general conclusion drawn by Mizushima et al (1949) that the ratio 
of the intensity of the line 755 cm” 1 and that of the line 654 cm" 41 increases 
several times with vaporization of the liquid, is confirmed by the results of 
the present investigation. These results have been interpreted by the authors 
mentioned above on the assumption that the energy difference of the two 
types of molecules changes with the change from liquid to the vapour phase. 
Even if this assumption were correct, the shift and change in the relative 
intensity of the line 676 cm’"* with vaporisation of the liquid could not ha 





Raman Spectra oj 1 , 2-Dichloroethane , etc. 


411 


k-6f>S k-762 

I I 


e-66S e- 7^2 

I I 


Vapour at 
*55*C 


1 $ 

gy, ♦ ’ A 


■V * 

w /* 
v V 


* * 


L,iquid at 


4 * 

•V ^ 


Liquid at 
30 *C 


4, 




Fig. 3 



4 n 


M. Mazumder 


explained on such a hypothesis. The results of the present investigation 
show that the ratio of the intensities of the lines 762 and 668 cm* -11 due to 
the vapour at I35°C is 4.5:1, while the value of this ratio reported by Morino 
cl al (1941) for the vapour at i7o°C is 5:1. This fact clearly shows that 
if the two lines 655 cm" 1 and ys\ ctn rHj are attributed to the gauche and 
trans configurations of the molecules respectively the difference in potential 
energies of the two types in the vapour state is almost the same as that 
observed in the case of the liquid. This fact is contradictory to the conclus- 
ion arrived at by Mizushima ct al (1949) that the change in the intensity 
ratio of the two lines mentioned above is due to a change in the difference 
of energies of the two types of molecules with vaporisation of the liquid. 
The ratio of the intensities of the two lines according to their hypothesis 
would depend 011 the ratio of partition functions and the difference of energies 
of the two configurations. The partition function cannot change with the 
change of state, because the frequencies of vibration do not change appreci- 
ably with vaporization. Since the difference in energies of the two forms 
also remains unaltered with the change from liquid to vapour state, as 
observed in the present investigation, the catastrophic change in the ratio 
of intensities of the two lines which takes place with the change from liquid 
to vapour phase can not be explained by the hypothesis put forward by 
Mizushima ct al (1949). An alternative explanation is, therefore, to be found 
out for this catastrophic change. 

The change in the relative intensities of the lines 658 and 755 cm" 3 with 
the change from liquid to vapour phase is, however, in the wrong direction, 
because it was obseived by Mizushima ct al (1938) that the line 658 cm" 1 
disappears witli lowering of temperature ami solidification of the liquid. 
If the change were due to energy difference of two types of molecules the 
intensity of the 658 cm" 1 ought to have increased with increase of tempera- 
ture of the liquid and the vapour. Actually, the reverse is true. The influ- 
ence of the surrounding molecules in the liquid and solid states is thus mainly 
responsible for this anomalous behaviour of the molecule in these states of 
aggregation. Mizushima ct al (1949) have stated that the presence of Onsager 
field in the liquid is responsible for the change in the energy difference 
which is obseived to take place with the changes from liquid to vapour phase. 
As pointed out earlier, no such change in the energy difference actually 
occurs with vaporisation and Onsager field is not strong enough to produce 
the large change in the intensity ratio of the two lines mentioned above. 
Probably, some virtual bond is formed between neighbouring molecules in 
the liquid state so that the strength of one of the C-Cl bonds may be altered 
slightly. A satisfactory explanation of the observed changes in intensities 
of the two lines mentioned above cannot be given without collecting data 
for a few more molecules of the same type. 

It would be interesting to find out whether i,i,2-trichloroethane which 
is also a substituted ethane gives such anomalous results. Table II shows 
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that the intensity of the line 786 cm"" 1 due to liquid at 3o°C increases slightly 
when the temperature of the liquid is raised to i2o°C and that of the line 
775 cm 1 diminishes a little. In the case of the vapoui at i7o°C, however, 
the latter line is totally absent and only a line at 793 cm’"" is observed. The 
width of the line at 793 cm" 1 is much less than the total width of the doublet 
775 and 786 cm"* 1 observed in the case of the liquid phase at 3o°C. It was 
further observed by Biswas (1053) that the line 780 cm" is totally absent 
in the Raman spectrum of the crystals of x,i,2-trichloi oethane at -i8o°C. 
Thus in this particular case the change in intensity of the line with change 
in state from solid to liquid phase and from liquid to vapour phase is in the 
same direction. These results can be interpreted by two alternative hypo* 
thesis. The lines 77 5 and 780 cm Hl may be due to either two different 
configurations of the molecule or one may be due to strongly associated 
molecules in the state of aggregation and the other due to single molecules. 
In the latter case the vapour state of the substance contains single molecules. 
The influence of iutermolccular field m the liquid state may be responsible 
for both the change in configuration or foimalion of virtual bonds between 
some of the neighbouring molecules and in the solid state all the molecules 
may be transformed into one of the two types or the associated type. The 
disappearance of the line 775 cm - * 1 with vaporisation of the liquid is, however, 
not due to change of tempeiature of the molecule but it is due to change of 
state, because the line is as intense as the line 7S6 ctn Hl even in the case of the 
liquid at I20°C\ Thus in this case also the iutermolecular field is responsible 
for the appearance of this line. It is difficult to understand why the influence 
of iutermolecular field is necessary for the coexistence of two different con- 
figurations of the molecule. On the other hand, the appearance of the 
line 775 cm"’ 1 only ill the case of the liquid, may indicate that associated 
groups of molecules in the liquid are responsible for the origin of this line. 

A comparison of the spectra or 1,2-diehIoroethanc and 1,1,2 trichloroe- 
thane in different states and at different temperatures thus shows that (he 
behaviour of the former molecule is extiemely anomalous and the hypothesis 
that two types of molecules coexist in the liquid and vapour phases cannot 
explain the observed facts satisfactorily. 

Investigations with other similar compounds arc in progress. 
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INTENSITY FORMUL/E FOR BANDS INVOLVING HIGH 
MULTIPLICITY TERMS. PART 1. fl 2— ' -2 AND fi 2-"2 

TRANSITIONS * 

By D. PRliMASWARUP 

Phi’aktmknt ok Physics, Aniuika ITnivkhsity, Wu,t,wk 
(Received lor publication. March si ,igs 3) 

ABSTRACT. Tlie intensity expressions for the rotatu nal lines in s 2- r >2 and # 2-®2 
transitions are derived. Representative theoretical curves are drawn for the 1 tranches 
showing the variation of the intensity with /. 

INTRODUCTION 

The intensity distribution in the rotational lines of doublet and triplet 
bands was vi orked in detail by Mnlliken 11927), Van Vleck (1928), Paris 
(1935) and others. For bands involving higher multiplicities this was 
investigated only in a few cases. Undo (1037) gave expressions for the 
intensity distribution in *2 - ’iKa) and ‘2 — 4 JI(b), while Suryanarayana Rao 
(1952) calculated the expressions for the *2 — 4 2 bands. In the course 
of a study of the rotational structures of band systems of certain oxides 
such as OO, MnO, TaO etc., the need was felt of a knowledge of the 
theoretical expressions for the intensities and the variation of the intensities 
with / in the different branches that are expected of a particular electronic 
transition. In these bands quintet and sextet terms which may be 2 or II, 
may be anticipated. Hence theoretical calculations for the intensity distri- 
butions in bands involving these high multiplicities is undertaken at first as a 

preliminary step to the rotational analysis of these bauds. This paper gives 
expressions derived for the intensities of the rotational lines of 2 — -h and 
* 2- *2 bands. The other systems will be dealt with in subsequent papers. 

T HKORY 

Since in 2-2 transitions both the states always belong to Hund’s 
case(b), the method first given by Mullikeu for the doublet bands can be 
employed here. According to this method the calculation of the intensity 
factors, i (or more exactly the squares of the absolute values | q M of the 
dipole moment matrix elements) is done in two steps. Firstly, since the 
interaction between A and N giving the resultant K in case ( b ) is entirely 
analogous to that between H and N giving the resultant / m case fa), if the 

* Communicated by Prof. K. R. Rao 
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fine structure resulting from the interaction between K and S is expurgated 
by averaging over the different J values consistent with a given K , the 
intensity factors for case ( b ^ will be given by the same expressions as those for 
case (a) which are derived by Ilonl and London (1925) if in the latter 12 
and J are respectively replaced by A and K . On the other hand, the 
interaction between K and S in case (b) is analogous to the interaction of 
k and s in the ordinary normal atomic multiplets ; so that the proper relative 
intensities of the fine structure lines with different J but with same K are 
given by the same expressions as those give by Someifeld and Hdnl (1925) 
for the atomic case when the k and j occuring in their expressions are 
replaced by K and J respectively. The superposition of these two expressions 
will then give the final intensity factors. The complete expressions for the 
intensities of the band lines assuming thermal equilibrium, in emission are 
then given by 

f=g' v *ie- K 't hT 

where g' is a constant in any one band and the other symbols have their 
usual significance. 

CALCrLATIONS AND RES U h T S 

The appropriate Somerfeld-Honl equations used here are given below 
after making the necessary substitutions cited earlier : 

For A/ = ± 1 and A K = A J 

i=[(J + K) (J + l< + i)-S(S+i)][(J + K-~i)(J + K)-S(S+ i)]/JK 
For A /= ± 1 and A K = — A/ 

For A/ = o and A/\ = ± 1 

i*={2j+i)[{J + K)U + K + i)-S(S+uMS(S+i)-(J-K)(J-K + i)yjK(J+i) 
The intensities are first calculated according to these expressions. The 
final intensity factors i, are then obtained by a proper normalisation of these 
expressions to agree with the Ilonl- London expression which for the 
particular case A = 0 and AZC = ± i (which is the only case we obtain in 
2 — 3 transitions) is given by 

a(K*-A*) = , 

K 

It is to be noted that in both the above sets of equations wherever K 
and J occur the greater of the two, K’ and K" , and ]' and J" , arc to be used. 
The expressions thus obtained in K are converted into expressions in terms 

ol J- 

Figure i gives the transition scheme for the a S — 'S bands while in Tables I 
and T 1 are given the expressions for the intensity factors in terms of J for 
*2 — S S and # 2 — *2 bands respectively. In both the tables, it is the higher of 
the two, /' or J", that is to be used for J in the expressions for the intensities. 
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Tahi.k II 

Intensity factors for bauds 


HraiK'hes 

Intensify laetoi 

i’j or A ( 

uh iKiy-.s) 

(./ - 

I’-, >1 k 2 

(_/ i in?y+ 1> (->7 51 

;>/-<) 

l’j OI Ky 

V=7H 3>(7+>)(2/-3)(7- 

pu- » 

l’i or k 4 

(/-+--•»( -3 / + 3 ) ( 7 - 1) u/-.i 
</-t 11 P 

P 5 or A 5 

U'7 A.s)(27 - iU/ - i) 
(/4 0 / 

I\ or A’ s 

(2/ i 5>l2/-i) 

(HO 

01 l! Ov 

S(HO 
/(a. 7-i) 

'Va or 'HJn 

2 ' 2 /-| 3 X 2 /-+ l)u/ 3 ) 

t7+ !)/*<;- 0 

'Vu 01 

<H/+ 2) (sH »'(/ — !) 
l/fl) S 7 S " 

''Ota "r lt Qu 

■’(27 + 5 ) ( 2 /-) I)(.l7 II 

<jl 2 ){p. I)*7 

; 'l ?56 <,r 

>07 i-i) 

( 71 - 2 ) 7 -f 1 ) 

"P31 

7</ 0(7 -O 

or np n 

lS 

/*< 7 - 1 ) 

I’Kj,, or /. 7 ’ M 

iS 

(7+ 0 / 2 

''A ,6 -r '<r 6t 

10 

/ / _L * W / \ I 


In figures 2 and 3 are shown the vaiialion of the intensities of the hand 
lines with / for the abo\e two transitions, for some of the typical brandies 
(R lt n Q bA and p R 3h ). For the purpose of drawing these curves thermal 
distribution corresponding to a tempcratiuc of i5oo°C is assumed and IV is 
assigned the value 0.45. This value is caU ulated from the empirical relation 
between w/ and r/ using the w/ values for CiO and MnO. 1 he value 
thus calculated is at least as good as any other aibittarily chosen value in 
the absence of one determined from the rotational structure data. 
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The expressions as well as the curves show that the intensity distribution 
for these bands is quite similar to that in other 2 , — S bauds of lower multi- 
plicities. Thus, the intensity of the main branches (P and R) starts from a 
low value at low J values, reaches a maximum at considerably high J values 
decreasing thereafter with increasing J ; the intensity of the satellite 
branches of the type V Q and n Q begins with a low value and falls off to 
still lower values as J increases, while the intensity of branches of the type 
V R and 11 P is still lower and falls off even more rapidly with increasing J. 
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GLOBAL CHARACTERISTICS OF THE SEPARATION 
BETWEEN THE F, AND F r LAYERS OF THE 
IONOSPHERE* 


By (Miss) MRINMAYEK C.HoSII 
i I nstitute of Radio Physics and T{i,iu*tronics Calcutta university 


(Received for publimiion June 1 6, 1953) 

ABSTRACT. Records of a number of ionospheric stations in north and south latitudes 
have been analysed to studv the global characteristics*)! the seasonal and v o1nr cycle variations 
of the separation between the F t and F* la vers of the ionnspheie. So far as the seasonal 
variation chracteristics are concerned, they are found to be similar to those observed by 
Appleton for the height variation of the Fa-region The variation of the separation with the 
sunspot activity shows the following unexpected features : 

At high latitude stations the separation follows the trend of sunspot activity in local 
summer. In local winter, however, in such latitudes, there is no association between the 
tv\o. At stations close to the geomagnetic equator, the separation is related to sunspot 
activity in an inverse manner in all the seasons. At stations of low intermediate 
latitudes, no appreciable correlation exists between variation of sunspot activity and the 
variation characteristics of the F r F* separation in any season. (The separations all refer 
to the mean noon values). 

The seasonal and latitudinal variations can be explained (if the effect of tidal forces 
are taken into account) on the basis of the current hypothesis of the composite I region 
formation, namely, that the P, and P 2 legions belong to a common bank of ioni/ntion and 
two maxima are produced in this common bank due to the peculiar physical chracteristics 
of the atmosphere in this region. Regarding the variation chawicteristic- of the separa- 
tion with sunspot activity no simple explanation is possible with present state of mu 
knowledge 


1 . 1 N T RODU (' T 1 O N 

II is well known that the separation between the two ionospheric layers 

F, and F, varies with the horn of the day, the season of the year, the 
latitude of the place of observation and with the phase of the solar cycle. A 
study of the separation phenomenon on a world-wide scale provides one "it 1 
materials, on the one hand, for long term prediction of F-region characteris- 
tics and, on the other, for testing the correctness or otherwise of the hypo- 
theses suggested regarding the production of these regions. 

It is to be mentioned that since the height of the b,- region (l.ke that of 
the K-region) changes only to a small extent with the paramcteis listed 
above, study of the variation of the height of the F. - region with reference to 

the ground will also give results similar to that of the study of the F,-h s 

separation. However, in view of the reient hypothesis that the two 
regions F, and F a belong to the same bank of ionization [Mohlor, 1940, 

• Communicated by Prof. S. K. Mitra. 
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Bates and Massey, 1946; Mitra, 1952; Chatterjee, 1953] (vide infra), 
the latter form of study is more rational. 

Results of study of the world-wide seasonal variation of the height of 
the bottom of the F a -layer ( h ' F a ) as has already been ^nade by Appleton 
(1950), may be mentioned here. These are : 

(1) In high latitude stations, northern or southern, h' F a is maximum 
during the summer solstice (that is, in June in northern hemisphere and in 
December in southern hemisphere). 

(2) In low latitude stations, there are two maxima, one in June and the 
other in December. The one in summer is more prominent, that is the June 
maximum is more prominent in the northern and the December maximum is 
more so in the southern hemisphere. 

(3) On the geomagnetic equator both the June and December maxima 
are nearly equally prominent. 

(4) The separation increases steadily from low southern latitudes to 
high northern latitudes in June. In December the state of affairs is reversed. 

The maximum variation of h' F a , as observed by Appleton, is of the 
order + 100 km. This may be compared with the variation of ±25 km of 
the F, layer height and ±10 km of the E layer height. 

In the present paper, ionospheric data of stations in different latitudes 
as are available at this laboratory have been utilized for the study of the 
seasonal, latitudinal and solar cycle variations of the F,-F a separation. For 
the seasonal variation the data for the year 1951 How sunspot activity) have 
been used. The latitudinal variation is studied with the data for the years 
1947. 1948 and 1949 (high sunspot activity). The solar cycle variation is 
examined with the data for the years 1945-52. 

So far as the seasonal and latitudinal variations of the Fi-F 2 separation 
are concerned, the results agree generally with those obtained by Appleton 
for the I'Vlaycr height variation. The vaiiation with solar activity, 
however, reveals certain new and unexpected characteristics. These, as also 
the general bearing of the results obtained on the current hypothesis regard- 
ing the production of the composite F -leg ion , will be discussed in the follow- 
ing sections. 


2. R R vS IT L T S OF ANALYSIS 
Seasonal variation of separation. Figures. 1(0) and 1(6) depict typical 
seasonal variation of separation (average monthly midday values) for two 
high latitude (northern and southern) and two low latitude (northern and 
southern) stations respectively, selected from amongst a large number of 
stations studied lying between latitudes 6o°N and 6o°S. It will be noticed 
that for the high latitude stations, there is only one peak of maximum 
separation, occuring during the summer solstice, i.e. in June in northern 
hemisphere and in December in southern hemisphere. For the low latitude 
stations lying between 13 6°N and 2i°S, there are two peaks of maxima, 
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one in Juns-July and the other in Dccember-Januaty. It is also to be noted 
that while for Guam Inland, in low northern latitude, the Juue-July 
maximum is more prominent, for R irotonga in low southern latitude, the 
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Seasonal variation of separation for two high ialnudt* stations 

Washington y N. 77.i°W) and Watheroo us.^Ki 
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Seas rial variation cf 1 VF* separation for two Jt»\v latitude stations, (oiani 
Island (13. 6°N, 144. g°K) and Rarot ,nga (<ji.3*S, 150 S’W) 

Decctnber-January maximum is more prominent. (At Huaneayo, near the 
geomagnetic equator, for which 110 curve is given the two maxima were 
found to be of nearly the same amplitude). All these features of the F r F 2 
separation arc in accord with the results obtained by Appleton regarding the 
variation of the F 2 -layer height as mentioned above. 
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Latitudinal variation of separation. Figures 2 and 3 show the latitudinal 
distribution of separation (latitude 7o°N to 45°S) during the solstices (June 
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Fig. 2 

Latitudinal variation of I ? r b'*2 separation in June for the years 1917, 104s 
and 1949. 
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Fig. 3 

Latitudinal variation cf K r lL separation in December for the years 1947, 
1948 and 1949. 
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and December). The values for three successive years, 1947-40, rather than 
those of the year of sunspot maximum ^1947) alone, are all plotted. This is 
because due to the large scatter in the values, the plots for the three years 
together, years for which the mean sunspot number did not vary greatly, 
give a better picture of the mean latitudinal variation than the values of a 
single year. Figure 2 is for the June solstice, when the sun is overhead at 
23.5°^ at noon and figure 3 is for the December solstice when the sun is over- 
head at 23.5°S latitude at noon. It will be noticed that the general tendency 
of the separation is to increase from south to north in June and from north 
to south in December. This tendency is again the same as that observed 
by Appleton for the F 2 -height variation. 

Solar cycle effect . Figures 4(a) and \{b) show how the separation changes 
with the sunspot activity in the summer solstice months for two high 
northern and two high southern latitude stations respectively. The stations 
are: Washington (39°N), Boston (i2°N), Johannesburg (26.2°S) and 
Watheroo (30.3°vS). Figure. 5 shows the same variation in the winter solstice 
month. The curves show that while in the local summer month, at all the 
stations, the separation iollows the trend of the increasing and decreasing 
sunspot activity, in the local winter months there is comparatively little 
variation of the separation. 
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Variation of IV 1‘ 2 separation will) the variation of solar activity for two 
high north latitude stations in the month of June. Note that tl.e variation 
follows the trend of solar activity, the year i<M 7 Wing one of maximum 
activity. Washington (38.7‘N. >7 i“ w ) «nd Boston (42 4“N, 7 i. 2 “W). 
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Figure 6 shows the variation of the separation with sunspot activity for 
two low latitude stations, Trinidad (io.7°N) and Maui (ao.8°N) for the 
month of December and June. It will be seen that unlike the curves in 
figures 4(a) and (b), the variations in all the curves are rather erratic, not 
following the sunspot trend in a regular manner. 



Fig. 4 ( b ) 

Variation of PpPa separation with sunsp >t activity for two high south 

latitude stations in ti e month of December. Note that the same remark 
applies as in the case of Fig. 4(a). Watheroo (30.3 °S, u t sg°K)and 
Johannesburg <26.2°S, 28.1 n T£). 



Fig. 5 

Variation of separation with solar activity for two high south latitude 

stations in June and one high north latitude station in December. Note 
that there is scarcely any association between the variation of solar activity 
and the variation of separation. Watheroo (30.3°$, ii5.9°K)» Johannesburg 
(26.2*8, 28 i r U>. Washington (3 8 7°N, 77 
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Figure 7 shows the variation with sunspot activity for the station 
Huancayo. situated very near the geomagnetic equator, tor the months of 
June and December. We notice here the curious fact that unlike the 



Fig. 6 

Variation of Iq-l'a separation with solar activity for two low latitude stations 
in the solstice months. Note that there is scarcely anv association between 
sunspot activity and variation of separation either in June or in Decembei 
Maui (20 8°N, 156 5°W' and Trinidad (10 7°N, hi.h"W). 



Fig. 7 

Variation of l«yi f a separation \vith sunspot activity for Iluanrayo (i2°S, 
75-3*W, close to the geomagnetic equator. Note that the separation follows 
the trend of solar activity in an inverse manner in both June and December, 
the year 1947 being one of maximum activity. 
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variations in high latitude stations, the separation is related to sunspot 
activity in an inverse fashion, i. e. the separation increases as the sunspot 
activity decreases and vice versa The same relation has been found to 
occur for the months of October and February, when the sun is nearly over- 
head at Huaneayo. 


3. DISCUSSION 

Let us now consider how far the characteristic variations of the Fi-F 2 
separation as described in the previous section are explainable on the current 
hypothesis of the formation of the two regions. As already mentioned, 
according to this hypothesis, the two maxima K x and Fa belong to a common 
bank of ionization (produced by the ionization of atomic oxygen at its first 
ionization potential). In this common bank the lower maximum (b\) is 
produced by the normal Chapman process and the upper maximum (F 2 ) is 
developed as a result of the peculiar physical characteristics of this region, 
namely, rapid rise of temperature and a rapid fall of the effective coefficient 
of recombination (which decreases with increasing temperature) with height. 
The former increases the concentration of the atmospheric constituents (in- 
cluding that ionized, viz., atomic oxygen) in the higher regions and the 
latter increases the ion concentration with height. 

The increase in the F|-F 3 separation in high latitude stations in local 
summer is evidently an effect of increased tempeiature in the high legions 
above the b\ maximum in this season. The F a maximum is formed at a 
greater height and there is thus increased distance between F, and K a . The 
same explanation can be given of the increasing separation in June at noon, as 
one proceeds from southern to northern latitudes, and in December, as one 
proceeds from northern to southern latitudes (figures 2 and 3). In both the 
cases, due to the solar rays becoming less and less inclined to the vertical, there 
is greater and greater rise of temperature and the F 2 maximum is produced 
higher atid higher up increasing the separation. [The effect of increased 
temperature on the height of the formation of the IL-laycr has been 
fully discussed by Mitra (1052) and by Chatterjee (1953;]. There is, 
however, one point, in this connection, that needs consideration. The sun 
is overhead at latitude 23. 5 0 north at noon during the summer solstice. 
Beyond this latitude the solar rays become more inclined to the vertical. 
It might» therefore, be thought that towards the pole from this latitude the 
temperature should also decrease in summer lowering the height of F 2 
maximum. Figure 2 and 3 show, however, that the increase in the separation 
persists well beyond this latitude. The explanation is that though in the 
higher latitudes the solar rsys are incident more obliquely, the days are 
much longer. For example, at latitude 40°, at 200 km height in summer 
the sun shines for about 18 hours in 24 hours. Thus, the longer daylight 
period is able to maintain an average high temperature notwithstanding 
the larger zenith angle of the sun* The F 2 -maximum is,t herefore formed 
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at a greater height even in these high latitudes and an increased separation 
between F, and F 2 is maintained. 

Regarding the two seasonal maxima in figure 1 (h), for the low latitude 
stations, one may be tempted to explain them also as due to the summer 
temperature rise (as in the ease of the high latitude stations), because, of 
low latitude stations, the sun is overhead twice a year, and. there are two 
summers, so to speak. However, it is noticed that the maxima occur in the 
same months. December and June, in all the latitudes studied, and 
not in the summer months which vary fropi latitude to latitude. In fact, 
in these latitudes the sun is nearly overhead all the year round and, as such, 
there cannot be any marked variation in temperature from month to month. 
The cause of these two maxima has, therefore, to be sought elsewhere. A 
possible explanation is that they are due to tidal effects, as are expected from 
Martyn’s electrodynamical theory of tides, in the ionosphere. According to 
this theory, the motion of the ions due to tidal forces, has a strong vertical 
component. As a result of this vertical drift of ions, the diurnal and 
seasonal variations of both N„,„» and h F a become markedly different from 
those expected of a simple Chapman region (Mitra, 1950). It has 
been shown by a closer examination of the vertical drift effect, that at low 
latitude and equatorial stations the F,-F a separation would attain maximum 
value both in December and in June (Chatterjee, 1953). The drift velocity 
also affects the separation in high latitude stations. But, as shown above, 
the major features of the variation of separation can be understood, at least, 
qualitatively, if the rise of temperature in the summer months is taken into 
account. 

In regard to solar cycle variation we note that the curves in 
figures 4 la) --7 indicate that for stations close to the geomagnetic equator, the 
I'VF 2 separation follows the trend of sunspot activity in an inverse manner 
in all the months of the year. In high latitude stations, on the other hand, 
the Fi-Fa separation follows the trend of sunspot activity in a direct manner , 
and that it does in summer months only, there being no association in the 
winter months. In low latitude stations, in no month of the year, there is 
any clear association between the variations of the sunspot activity and the 
separation. It is, however, to be noted that so far as the intensity of the 
ionization is concerned, it follows the trend of sunspot activity in all latitudes 
and in all months, it is, therefore, difficult to explain on any simple theory 
the anomalous behaviour of Ihe vaiiatiou of the 1 * i-I'a separation 111 course 
of a sunspot cycle in different latitudes and in different months. One must 
wait for more obsei vatiouul results before attempting any explanation. 
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ABSTRACT. The diurnal records of K -layer crfeical frequency (/°K) at Calcutta for 
the years 1949-52 are analysed to determine the value of n in Chapman’s formula 
(cos n * s found to vary from 0.1.5 to o 50 instead of remaining constant at the 

Chapman value of 0.25 The sub-solar frequency /,• also undergoes similar variations. 
There appears to be a seasonal component of w and /« -variations which is most marked in 
the years 1950 and 1951. The mean trend of these variations follows that of the 12-month 
running average Zurich sunspot number. The results obtained are discussed in relation 
to those obtained by previous workers. The departures from the Chapman law may be 
attributed to changes in the height distribution of <) 2 in the transition region (where the 
atmospheric* composition changes from one of (>. 2 and N 2 to one of O and N a ) where the 
K-region is formed by the ionization of () 2 Detailed Study of the variations of n and /. 
will be helpful in the for accurate prediction of K-iegion transmission conditions. 

1. INTRODH C TION 

According to the well known Chapman process of formation of the 
ionospheric layers, the maximum ionization density for a layer, under 
equilibrium condition, varies as V cos \ where x is the zenith distance of 
the sun. Records of observation show, however, that this law is obeyed only 
approximately for the case of the E and b i-regions and very often not at all 
for the F 2 -region. The subject of F 2 -variation has received wide attention 
and many hypotheses have been put forward to explain its anomalous 
behaviours. The Land F, -variations, however, appear to have received 
lesser attention. This is possibly because the departure of the variations from 
the V cos x-law had been supposed to be only of minor importance. In 
. recent years, however, the subject is being discussed by ionospheric workers 
. and a number of investigations have been made, particularly to understand 
the morphology of the E and F.-layer variations with zenith angle of the sun 
in differsnt seasons and latitudes, and with the phase of the solar cycle. In 
the present paper the results of some studies that have been made for the 
latitude of Calcutta on the nature of the variation of E-layer maximum with 
X will be described. To understand better the significance of the results 
■ obtained a brief resume* will first be given of the investigations already made 

' on the subject. 


» .. * 


* Communicated by Prof. S. K. Mitra 
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2. A RKSUMB' OF CONTEMPORARY WORK ON 

T I I I? SUBJECT 

As mentioned in the introduction, according to v^haptnan s theory 
(Chapman, 1931) of ionized layer formation, the maximum ionization density 

of the layer, under equilibrium condition, varies as V cos x, where x is the 
solai zenith angle. Since the penetration frequency (/) of the incident wave 
(for a given angle of incidence) \aries as the square root of the maximum 
ionization density, we write 

/ = /. (cos x) " 

where n — 0.25 and ft is the sub-solar penetration frequency, that is, the 
I>enetratiou frequency when the sun is at the zenith. 

The above law is found to hold generally for the li -layer except that 
the exponent n of cos x is found to be different from 0.25. The value of 
n that gives the best fit with the observed results can be determined 
conveniently by plotting log / against log cos X. One obtains a straight 
line and the slope of the line gives the value of n. The value of ft is obtained 
by extrapolation of the straight line to X = o°. 

According to Tremmellen and Cox {1947) the average value of n at 
moderate latitudes may be taken as 0.31. They have also suggested a linear 
variatian of /„ with the sunspot number R, given approximately by the 
expression 

/« = 3 - 3 ( 1 +0.00228 R) 

Harnischmacher (1951) has studied the month to month variations of 
the value of n for the stations Huancayo (i2.o°S) Washington I38 .;°N j i, 
Kochel (47.7°N) and Watheroo (3o.3°S). He found the values to lie 
between 0.25 and 0.40, with a few exceptions. A seasonal variation of n 
was apparent at Washington with minima in winter and maxima in summer. 
At the other three stations no such regular variation could be observed, 
though, the value of n varied considerably from mouth to month. The value 
of the sub-solar penetration frequency ft was found to be closely related to 
the sunspot number. It was different for the four different stations, being 
highest for Huancayo. 

Values of n and /, for the months of May, June and July for the years 
1949 and 1950 have been derived by Scott (1952) for a large number of 
stations distributed throughout the globe. He found the average value of 
n to be about 0.33 at moderate latitudes, dioppiug sharply to between 0.10 
and 0.20 near the north auroral zone and recovering again to 0.25 further 
north. Another sharp drop was found to appear at Calcutta (geomagnetic 
latitude i2°N). 

Scott has also studied the seasonal and solar cycle dependence of » and /« 
at the Canadian stations, Ottawa (4S.4°N), St. John’s (47.6°N), Prince Rupert 
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(54-3°N) and Churchill f 5 8 8°N) * and /, were found to rise and fall 

together month by month. At Ottawa and Prince Rupert a seasonal 
variation was found with the minima occurring regularly in winter and 
the maxima either at the equinoxes or in summer. An approximately linear 
relationship was also found between /, at these two stations and the 12-month 
running average sunspot number S t given by 

=-3-2 + 5-5 x io~\S 

3. ANALYSIS OF CALCUTTA DATA 

The data for the period, June 1049 to December 1952, as recorded at the 
Ionosphere Laboratory, Calcutta < 22 6"N) have been analysed foi 
the determination of the monthly values of n and The method 

adopted for the determination was the same as explained in Sec. 2. The 
hourly mean values of /°K for the months were plotted against the hourly 
mean values of log cos X on semi-log graph, n was obtained fiom the slope 
of the curve and /, determined by extrapolation to X = o°. Observations for 
zenith angles greater than 84° were omitted* as, for such large zenith angles, 

the \/ eosx-hiw of Chapman ceases to hold. Two typical / n H~~log cos \ 
curves are shown in figure 1. 



Fig. 1 

Typical /"K vs lrg ecs x curves showing the relation 
between /* K and solar zenith angle x- 
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Fig. 3 

The dependence of the sub-solar frequency 1 , on the 12-month running 
average .sun pot number .S. 


The month to month variations of n and // during the period under 
review are depicted in curves (a) and (6) in figure 2. Cuive (c) shows the 
month to month variations of the Zurich sunspot number. It will be noted 
that the variations of « and f, [curves <a) and (b)] are more or less parallel. 
There appears to be some sort of seasonal variation in both the w and /,- 
curves, the variations being most marked for the years 1950 and 1951. A 
comparison of curves (b) and (c) shows, however, that what appears to be 
a seasonal variation of f, may also be interpreted as a sort of rough inverse 
correlation between /, and sunspot number variation. The //-variation has 
also a general tendency of following the trend of sunspot activity. In 
figure 3, the monthly mean values of f, have been plotted against the 
t 2-month running average sunspot number. The straight line giving the 
best fit is represented by 

/, -3-5 +5-i x 10 3 S 

The values of f » undergo large deviations about this mean trend. 

5. DISC U S S ION 

The apparent seasonal variations of n and /, at Calcutta and their, 
parallelism, as seen in curves (a) and (b) of figure 2 are effects similar to those, 
observed at Washington (Haruischmacher, 1951), Ottawa and Prince Rupert 
(Scott, 1952). However, it is to be noted that the phase of the Calcutta 
variations is different from that of Washington. At Washington the minima 
occur in winter and the maxima in summer, while at Calcutta the minima 
occur] in' summer and the maxima ;n autumn. Further, as already mentioned, 
regular seasonal variation has not been observed at all the stations studied, 
though, large month to month variations have been noted at Huaucayo, 
Kochel, Watheroo (Harnischinacher, 1951)- This is also confirmed by the 
analysis of the Singapore records by the author as depicted in figure 4. It 
will be seen that though the general trend of the curve follows the sunspot 
activity (as at other stations) there is little or no seasonal variation. 
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Fig. 4 

The variations of n and /. at Singapore. 


One interesting fact may be mentioned in this connection. As already 
mentioned, Scott in bis study of the latitudinal variation of n (from analysis 
of tlie May, June, July records of 1949, 1950 of a number of stations), found 
that there is an unexpected drop in the value of n at Calcutta in the latitude 
variation curve. This he has explained as due to abnormal E-ionization 
which is very frequent at Calcutta in summer. The explanation is, however, 
not tenable, asi the /°E data, as recorded at Calcutta, are carefully made free 
from sporadic E-coutamination. The result obtained by Scott is merely 
the effect of the apparent seasonal variation of n at Calcutta with the minima 
in summer. 

Attempts have been made to explain the deviation of « from the 
Chapman value of 0.25 as due to variations in the scale height (H) and 
recombination co-efficient («) in the region of the E-layer. 

According to Pfister (1950), II has a maximum around noon and tlii 
diurnal variation of II may be represented by some positive power of cos x- 
However, a variation of H temperature) also causes a variation in the 

effective recombination co efficent a, given by 



where r«— 1 (Mitra and Jones, 1953). This would leave the maximum 
ionization in the Chapman formula 


N m 2 


Q_ 


cos x 


unaltered. Pfister has also shown that the combined influence of a linear 
scale height gradient ( H increasing with height) and a recombination 
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co-efficient dependent only on the E-region maximum ionization would 
again leave N m * unaffected. 

Nicolet (195°) has considered a as a function of molecular concentration 
(a decreasing with height;. His analysis shows that the combined influence 
of such a gradient of <x and a linear gradient of scale height may lead to values 
of n above the normal 0.25 level. However, there are cases (e.g. Calcutta 
in summer) where n is less than 0.25. This, according to Nicolet ’s assump- 
tions, is only possible if the scale height gradient becomes negative. This 
is improbable, since the temperature in the E-region is known to increase 
with height (e.g. rocket flight data). 

Perhaps a solution of these difficulties may be found if the current theory 
of the K-layer formation is considered. According to this theory the 
E-ionization is due to ionization of molecular oxygen in the transition 
layer where the atmospheric composition changes rapidly from one of X 2 and 
() 2 to one of No and C) due to dissociation of O a by solar radiation 
(A<ti76o&j. The concentration of O* in the transition layer decreases 
rapidly with height, the rate of dissociation being controlled principally by 
the physical processes controlling the dissociation equilibrium and not by 
the value of H as in the case of an isothermal atmosphere following 
Dalton’s law. E-ionization with the solar zenith angle is, therefore, not 
expected to follow Chapman law of variation which is deduced on the 
assumption that the height variation of molecular concentration follows the 
simple exponential law of Dalton. The fact that it does so approximately 
is because invetigations have shown that the decrease of C) 2 concentration 
with height in the transition layer follows approximately an exponential 
law, the constant factor in the exponent then taking the place of H in 
Chapman’s formula. The observed departures from the Chapman variation 
are thus traceable to the departures of the height variation of () a concentra- 
tion from the exponential law. Further, as the value of the effective H 
must, of necessity, change with the solar zenith angle and with intensity 
of emission of the dissociating radiation from the sun, the values of n and 
/, must also vary correspondingly. Also, it is likely that the dissociating 
solar radiation producing the transition layer (A < 1760&) and the ionizing 
radiation producing the E-layer [AA900 — 1000& (Nicolet, 1945) or 325 
photons (Hoyle and Bates, 1948)] vary independently of one another with 
the solar activity. This will tend to destroy any close parallelism between 
E-ionization variation and solar activity variation which may otherwise be 
expected. It is also not difficult to imagine that as a result of this, coupled 
with the variation of recombination co-efficient with height (due to variation 
of temperature), the ionization may vary in an inverse manner with solar 
activity as it appears from curves ( b ) and (c) in figure 2. However, detailed 
investigation of these problems is beyond the scope of the present paper and 
is left for future study. 
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In conclusion, attention, is drawn to the desirability of liking 
into account the great variability of the value of n in predicting transmission 
condition via E -layer. At present f° K predictions are generally made with 

i* 1 i 

w = 0.25, that is, on the assumption of v'cosx-law. Tremmellen and Cox 
(1947) have pointed out in this connection that a better value of n would be 
0.31 instead of 0.25. But, in view of the abnormally high to abnormally 
low values (o. 10 to 0.50) that n may take, assumption of a fixed value of 
» will lead to erroneous result. Further, the sub-solar frequency though 
found to follow the general trend of the solar cycle (similar to that assumed 
by Tremmellen and Cox and by Scott), is found to undergo large variations 
round the mean trend. All these factors have to be taken into account for 
more accurate prediction of the E-layer transmission conditions. And this 
will only be possible when characteristics of n and f, variations are available 
over longer periods and from a larger number of stations distributed over 
the globe. 1 
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STRESS DISTRIBUTION IN AN INFINITE PLATE WITH 
AN ELLIPTIC HOLE ACTED UPON BY A FORCE 
AND A COUPLE AT AN INTERNAL POINT * 

By B. K A RUNES 

Department of Applied Physics, University College of Science and 
Technology, Calcutta 

(Received for publication, March 2, 

ABSTRACT. The Function theoretic method of Muschdisvili for solving 

two dimetisionnt problems in elasticity is employed to obtain solutions of the* problems 
of stress distribution in a large plate containing an elliptic hole under Hie action of an 
isolated force or a couple at anv point inside the plate From these solutions particular 
cases of the force and couple acting on the boundary of the hole aie derived and the results 
are compared with those obtained by Rothman (1950), who used complex potentials as 
introduced by Stevenson (1945). 


I N T R O P U C T T O N 

In a recent paper 'Rothman (1950) has obtained the solution of the 
problems of stress distribution in an infinite plate with elliptic and circular 
boles under the actions of isolated forces on the boundary of the hole. 
Following Stevenson (1945), he has introduced two functions il'xc) and -dc), 
in terms of which the stresses can be expressed. In the piesent paper the 
solution is given of the problems of stress distribution in an infinite plate 
with an elliptic hole tinder the action of an isolated force or a couple at 
any point inside the plate. The method of Muschelisvili (1933! has been 
followed here. It may be mentioned that the complex stress functions 
introduced by Muschclisvili are connected with the complex potentials 
introduced by Stevenson. One of the functions of Stevenson is a 
constant multiple of one of the functions of Muschclisvili and the 
derivative of the second function of Stevenson is a constant multiple of the 
second function of Muschclisvili. Rothman’s problems appear as particular 

cases of the problems solved here, if we make the point where the force is 

applied tend to the boundary of the hole. Another particular case is the 
problem of an infinite plate with a circular hole acted upon by a force at 
an internal point. This problem has been solved by Sen (1945) by a 
method which he has developed in the case of a force acting along a radius 

of the hole. ^ . 

* Communicated by Prof P. C. IVIahanti 
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It has been shown by Muschelisvili (1933) that in state of generalised 

plane stress the stress combinations xx + yy and yy — xx + it xy of the average 
stresses are given by 


x.\ +yy = 4 x real part of 0/(2) 


2= [Ql'iz) + 0/(z)] ••• 

and 

yy — xx + 2txy = 2[z<Pi n (z) + ^'/(z)1 ••• (2) 

where ^1(2) and ^1(2) are two analytic functions of z( = x + iy) and a bar 
over a function represents the complex conjugate of the function. 

The resultant traction across an arc A If (which the material on the 
right exerts on the left) is given by 

X + iY= —i[p l (z) + zf 1 '(z)-if>,(z)]A ... (3) 

and the moment of the traction across AB about the origin is given by 

_ n 

M„ = real part of [ — 220/(2) — z\p,(z) + ^(2)] 1 ... (4) 

The displacements are obtained from the relation 


2H(u + iv) = K<t> t (z)- 2^/(2) -0\(2) ... (5) 

where 


T\ = 


A 1±3M 

y+n' 


To determine 0/2) and rp x (z) when stresses are prescribed on the 
boundary, we have from (3) 

0i(z) + 20/(2) + $, (2)— /, + »'/ 8 1 

^,(2) + 20/(2) + $,(2)=/,-^ J 

where 

fi + ifa — i f ( F l + iF 2 )dS+ constant. 

n. 

F X (S} dS and F 2 (S) dS being the x and y components of tractions across the 
arc dS. 

For an isolated force X + iY at the origin supposed to be in the interior 
of the plate, the parts of ^,(2) and $,(2) which give rise to the force are 


0i(z) = 


X+jY 

2Jr(K>i) 


log Z 


'Pi 's) 


_ K(X + iY) 

2l(K + l) 


log 2 


( 7 ) 



Stress Distribution in an Infinite Plate, etc. 
For a couple of moment M, we have them as 

0 i(z)~o 


When the force A' + iY acts at the point z 0 , the relevant parts of 0,<; 
and V* i (z) are 


,os (s '=*> + tpt"V 

27t(K + I) 2Jt(A 4 l) 


and when the couple acts at the point z 0 , we have. 


4> x (z) = o 


iM I 


If £=-«u(£) transforms the region outside the hole in the £ -plane 
conformally on the region outside the unit circle y in the £ — plane, we have 


0 (tr) 4 - ^ + t/'fer) = /, + 1/3 


0(<r) + ^ <t>'{<r)+\p{a-)-f i -i ] 2 

w \cr) 


where 

0(^1 = 0iMD} 

and £ = cr gives a point on y, so that crcr = 1 . 

INFINITE PL A T E W L T II AN ELLIPTIC HO h K A C T E I> 
UPON BY AN ISOLATED FORCE 

I«et the boundary of the hole be given by 


R*( 1 *-w) 2 + 1 t — mj 2 


The transformation 


= <•>(£) = 22^ S + 4r), 


o < m < 1 , R > o 


... (12) 


... (13) 
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transforms the region outside the hole in the z-plane, to the region outside 
the circle y, ' £ | ~i in the 1,-plane and the jjoint at infinity in the two planes 
correspond. Substituting from (13) in (11) and replacing a- by i/q, we get 
on y 


f(< r ) + r - — 2 - 1 >' ( 1 ) + ' ) = /i + i/a 

<r(l — m<T ) \<r/ \<T / 

J HZ!) tf/(cr)-t = 

\ cr J <t — m 


(14) 


If a force X + iY act at the point z„ of the plate, wc may take 


<7*1 (-)= — lo R ■+ 


2 n(I\ + I ) 
lM«) = log ^ 

27t(K 4- l) 


•-»)+ -T, 


X J iY _ 

27 r[l\ + 1) 


-1 ^°("). 


... (15) 


where 0i°(z) and V'i n (-) are analytic outside the elliptic hole (12), 
Using the transformation (13) we write 

*«,— *+* , !<* + *■<« 

2n<K+z) Vm> 

«i(M ^ i<! 2 LzJD Jog 

2 n -(/c<+ 1) & u 0 


... (16' 


+ X + iY ^„(Tu 2 + >» 

2 *(k + i )F Ht x 

where and ^°(£) are analytic outside the unit circle y in the l-plane. 

Since the boundary of the hole is free from ti actions, substituting in (14) 
f\ — o, / 2 b o, we get on the unit circle y 


** M + >•'(-)+ #<-) = ?p- i v , io 8 -^ n) 

cr(i-tncr ) \cr/ \ cr / 2ir(/v + i) o \, 0 

_ f\(X + iY) j og (1 - q-c) (£„ — m<r ) + X — iY <, 0 Ur - io)(cri 9 — m) 
2?r ^ + l) -L 2*(K + 1)' ^ 0 (i-crt 0 )7^1 W o-) 

+ ^o( lT) =_^ »r_ log (1-^?) (So-™ 0 ") 

\cr/ <r J — m ' 2*(K + z) ^ 

_ X(X — i Y) j (q~ — £n)(q~£o — m> + A’+tY £ 0 (i — < t ^ 0 )(^ 0 — nur) 

2n(I<+i) <r; 0 2 ir(/v+l) l n (a--L)(<rL-mi 


(17) 
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Multiplying these equations by -i-_ d ~ and integrating aloug y we get 

2 ffi ir — i, 

after a little reduction 




2 n(K + l) 


+ _K(X + iV)i og 

VVo ~ I 


vlo — »» 2 ir(K + l) 


+ _A.~ to Vo) 

27rfAH J) VolV. 2 -'»)(x-tU 


V'Oy) 4 tt 4^ log H /V -) r .i y l log r ^ 

' vto-l 2n(k + l) P tVo- 


2 >r(/\ + j) 


m 


X ± iY m (i + my 2 ) | A' + iY (»4 - y „)fv«t.. - m*) 

2 n(K + x) 2 ^(K + i) ; 0 (;„ 2 ~tn)(tvo- »») 

. X fX-t - iY I + m£ X - i Y yUtn - >ny .)(i i»i. V 2 Ji x~U o) 

2 ^(X + 1 ) I) -* {K+ J > v«(v« 2 -W) V-wMi-yyV 


fiS) 


Hcncc we obtain from ( 16 ) and *'i 8 ) 


*(U- 


A r + iY , v > iv ( A 

— log (s~^o)+ log 


2 »rfiv -f j ) 


2 X( 1 < + i) _ . 

bb« A 

+ _XWY (to ~ ffltoH l — Vutn) 

2 ^ A ' + 1> t(v?-»H)(l-vlo) 


^(t)=— — log K- 


2 ^(X + I) tto X 
X + iY m(i + m £ 2 ) 


, K<X — iY) , /v v , 

+ ~ ns~^~T lo e 
2 rr(/v + i) 


K(X + iY } 


i + nit , 2 


zn<K+i) (£ 2 — — 2 tt(K+i) (£2 _ m )(Q u - i) 


— X — iY tt o(Vn — i n\a) ( r + »»t s ) f x -toto) 

2 n(K + J ) toC 2 - xn^ (v 2 - »*) (X - ty 2 
+ X + iY Onto - to) (U o - xxx 2 ) + x -I- iY _ SUL 2 + >n ) 
2 ^(X+i) l(C 2 -rnm u ~m) 2 * (1< + r ) 


... (19) 


The equations ( 19 ), together with (i), ( 2 J and ( 13 ) give the distribution 
of stress in an infinite plate with an elliptic hole, and acted upon by a force 
at any point inside the plate- 
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If the force X + iY acts at a point z 0 on the boundary of the hole and 
if £o be the point on y corresponding to z 0 , we make so - * *r 0 (in the £-plane). 
The values of and in that case are easily deduced from (19J by 

making £ 0 ~*<r 0 , as 


, M X + iY , n x. KlX+iY ), v 

fW=-— log + vif S + , ) 108 k 


27T 


*i> - log log t - m(X±1Y) 


2 7T 


2 ir(K + i) 


2 n{K + l) 


X + lY 1 4- _ x ± iY cr(i-hw£) 

2 tt'Iv + i) £ a -m 27r (£ 2 - wi)(cr 0 — t) 


(20) 


These results can be shown to be equivalent to those given by Rothrnan 
(1950) who has given a solution of the particular case by the method of 
Stevenson. 

If we put m = o, -R = i in the transformation (13), we get the identical 
transformation 


2 = = ^ ••• (21) 

Substituting the above in (19) we get the solution of the problem of an 
infinite plate containing circular hole of unit radius and acted upon by a 
force X + iY at a point z( = Zq) within it as 


X + iY , , x t K(X+iY) 

108 <2 ~ 2 " ) + iMiiTi) loB 


ZZ 0 — I 
2o2(i) 


'l'(z) — - 


X-tY 
2 *(K + i) ~ * U- Z z u ) 

log (z-zj 


! 

3 

loc ZZ ° 

+ K (X — iY) 

2>r(K+i) 

zz 0 — I 

21 r(K + 1) 

K(X + iY) 

1 

X - iY 

2n(K + 1) 

Z*(Z2 0 -I) 

2 ir(Kl+ ij s 


X + iY 

1 . X + 


1—ZoZq 


2jt(7v + i) zz„ air(K + i) z — z 0 


(22) 


When the force acts along a radius of circular hole the stress distribution 
derived from (22) are found to agree with that given by Sen (1945). 
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If the force X + iY act on the bouudary of the hole, we yet and \p(z) 
from (so) 


, X + iY , 

<Q(z) log 

37T 


K( X + %Y ) 

2ff(/v + i) 


log 3 


*(*) = X " ,Y log (= -z 0 l- log 

2n 2 fff/v H l) 




X + iY i X + iY z n 

23 (K + l) Z‘ 23 2$iz — z„) 


INFINITE PLA T K W I T HAN H U h I 1* T I C H O h K AC T K I ) 

U 1* ON 15 Y A COU P h K 

If a couple M acts at the point r: 0 , we can write 


iM 


^(c) = 


+ *i'ls) 


(24) 


23 (z~ 3 u ) 

Using the transformation (13) wc get 

^(D = — lMs +^°(w 

a«rR(S-u(5-^) 


(25) 


Substituting in (14) with f^j 2 = o (as the boundary is free from traction) 
we have on the unit circle y 


+ *r£=T**' GM^)- 

H -sgE^gsk.-a 


... (26) 


Multiplying both sides of (26) by ^ and integrating along y, we 

get 


*°($5 = 


2»r.R (Co 2 ~ »») ( 1 “ ) 


iM 


/ o / 7 * ^^>0 

2 *r/? O 9 )(wi~"^o) 


&*(» + »*■) 


(27) 
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and therefore 




iM^o 


2nR(l 0 2 — m)(i -^o) 
2 


Lo 2 

2 nR \ (£*_, «)(?/-, »,)(i- SS.)* 


... (28) 


If the couple M acts at a point 2 0 on the boundary of the hole and i 
<t u be the point on y corresponding to we get, making £« — » <r 0 as before 


A f5- )=r iM(r 0 3 

2 nR{\ -m<r 0 2 )(cr u -£) 

>/ h iM«r u 2 j i + j(r + n »^) | 

y '' znR I (‘>- u -£)<a - n 2 - hi) (i, 2 — m)(cr„ -J,) 2 (l - w<r 0 2 ) \ 


(20) 


Putting: nr~o, we get the case of a couple acting at a point of an infinit< 
plate with a circular hole of radius R. 

In the case of the couple acting at an internal point we have from (28) 


<p(z) = 
yp{z)- 


iMR 2 


2 7 T £ o ^ R 22(| ) 

iM J 1 


27 T 


RJ 

ziR 2 -z'z 0 ) 2 


(30) 


and in the case of a couple acting at a point on the boundary, we have 




2*r(z„ — z ) 

iM 


27T 




RWl l 

>Az 0 -zY \ 


(31' 
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ON THE RAMAN SPECTRA AND FLUORESCENCE OF 
ORTHO AND PARACHLOROTOLUENE IN THE 
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( Received for publication , Inly i t iQ5$\ 

Plate XVIII 

ABSTRACT T 1 k Raman spectra of ortho and parachloroioltu nc in the solid state 
at — iRo°C have been photographed and compared with those for the liquids at room 
temperatnte. Four new lines in ths low-frequency region have been observed in each ease 
two of them having almost the same frequencies in the two cases. The intensities of 
these new lines are much smaller than those of the prominent lines due to the liquids. It 
is further observed that in the case of fM'hlorotoluenc some of the pmminent Raman lines 
observed for the liquid stale undeigo laigc changes in intensity and position and the line 
2Q.’S enr 1 splits up into thiee lines when the liquid is solidified and cooled to — i8o°C. It 
is suggested that the line 163 cm 1 of liquid o-elilorotoluene w hich shift s to 183 cm ' ill 
the ease of the solid might be due to a dimer. It is observed that these substances exhibit 
broad intense fluorescence hands in tin visible region in the solid stale at — *So°C, and in 
the liquid state there is no fluorescence in the ca-e of />-cliloiotoluene, hut o-ehlorotoluene 
shows a continuous fluorescence in the whole* visible icgion. 

iNTRODrrnoN 

Tile Raman spectra of many substituted ben/enc compounds in the solid 
state at low temperatures were studied previously by Sirkar and Bishui 
{1946) and Ray (1950, 1951, 1952). It was observed by the latter author 
that in almost all the substituted benzene compounds several new lines 
appear in the low frequency region when the substances are solidified, and 
when they are further cooled down, some of the lines shift away from the 
Rayleigh line. The positions of the lines observed in the different substitu- 
tion compounds, however, do not depend essentially on the moments of 
inertia of the molecules, and from this fact it was concluded by Ray (195 1 ) 
that the lines are not produced by rotational oscillations of the molecules 
pivoted in the lattice as postulated by some previous workers (Kastler and 
Rousset, 1941). In order to find out whether in a di-substituted benzene 
compound the relative positions of the two substitution groups have an 
influence on the number and positions of the new lines in the low frequency 
region which may appear in the Raman spectra of these substances in the 
solid state, the Raman spectra of ortho-and paraclilorotoluene in the solid 
state have been studied in the present investigation, and the results have 
been discussed in the light of the various theories put forward regarding the 
origin of the new lines in the low frequency region. 

* Communicated by I’rof. S. C. Sirkar 
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EXPERIMENTAL 

Ortho and parachlorotoluene supplied by May and Baker of U. S. A. 
were distilled in vacuum, as usual. A preliminary investigation showed that 
the Raman spectrum of the second liquid does not exhibit any appreciable 
fluorescence although the first one shows a continuous fluorescence spectrum. 
The number of lines in each case, however, agreed with those published by 
previous workers. This proved the purity of the substances. The method 
used for studying the Ratnan spectra of these substances in the solid state 
at the temperature of liquid oxygen was the same as that used by previous 
workers in this laboratory (Bishui, 1948). Ilford Special Rapid plates were 
used to photograph the spectra for the solid state and a Fuess spectrograph 
with a dispersion of about 10.8 X per mm. in the 4046 A region was 
employed. The Raman spectra for the liquids at room temperature were 
also photographed with the same spectrograph in order to compare these 
with the Raman spectra for the solid state. The experimental tubes contain- 
ing the solid was at — i8o°C. No attempt was made to record very weak 
lines which might be present in the Raman spectra of the two substances in 
the liquid state. 


RE S IT L T S AND D I S C'US SION 

(a) Raman spectra. The spectrograms for the two substances in the 
liquid state and in the solid state at — iSo°C are reproduced in Plate XVIII. 
The frequency-shifts are given in Tables I and II. The frequencies of the 
Raman lines of the two substances reported by previous workers and given 
by Magat (1936) are also included in the tables for compaiison. 

A comparison of the data given in Tables I and II shows that both the 
substances yield four new Raman lines in the low frequency region in the 
solid state at — i8o°C and two of these lines have the same frequencies in 
both the cases. The other two lines are at 78 and 102 cm -1 in the case of 
o-chlorotoluene and at 85 and 139 cm” 1 in the case of />-chlorotoluene. 
These lines are, however, much feebler than similar lines observed in other 
disubstituted benzene compounds, such as /?-dichlorobenzene or f>-dibromo- 
benzene. It was pointed out by Ray (1951) that all the monosubstituted 
benzenes studied by him yield in the solid state at — i8o°C five new Raman 
lines in the low frequency region and that the positions of these lines cannot 
be correlated with the moments of inertia of the molecules about their three 
axes. The lines are also quite sharp and intense in all these cases. In 
the present case the two chlorotoluenes do not yield any such intense Raman 
lines and the lines are rather broad. Had these lines been due to rotational 
oscillations of the molocules pivoted in the lattice, as postulated by Kastler 
and Rousset (1941) they would be as intense as in the case of other similar 
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Table I 

Orthochlorotoluene 
A v in cnf 1 


Liquid, Magat (1936) 

Liquid at 25°C 

Present author 

Solid at — i8o*C 

163 (8) 

*63 (5) e, k 

36 (0) c, k 

50 (1) e, k 

78 (0) e, k 
x 03 {2) e, k 

*47 (5) 

24 - ( 4 ) e, k 

186 (5) e, k 

243 (oh) e, k 

361 (3) 

3^1 (j) e 

3 6 3 (0) e 

447 (4) 

443 (3) e, k 

448 (1) e, k 

552 - 7 ) 

550 (3) e, k 

55° (3) e, k 

675 (6) 

673 (5) c, k 

673 (5) C. k - 

74S (1) 

803 (4) 

800 (4) e, k 

802 (3) e, k 

852 (OO) 

989 (l) 

IOl6 (O) 


1043 (8) 

1040 (8) e, k 

1034 (5) e, k 

1132 (2) 

1156 (2) 

ii55 (2) e, k 

1156 (1) e, k 

1204 (5) 

1205 (5) c, k 

1210 (2) e, k 

1279 (0) 

1.378 (2) 

1376 L) e, k 

1378 (1) e, k 

1426 (O) 

1.574 (3) 

1572 (3) c, k 

1572 (1) e, k ; 

LSQ2 (3) 

1593 (3) e, k 

1596 (1) c, k 

28.59 M 

2928 (5) e, k 

2905 (2) k 

2926 (5) 

2930 (2) k 

3013 (0) 

2956 (ib) k 

3062 (7) 

3062 (7) e, k 

3066 (5) e, k 


Table II 

Parachlorotoluene, A v in cm 


Liquid, Magat (1936) 


Liquid at 25 'C, 
Present author 


Solide at — 180 


•c 


307 (8) 


306 (3) e, k 


376 (»*) 
634 (5) 
692 (1) 
796 (12) 
822 (2) 
1090 (12) 
1177 (*) 
1208 (7) 
1303 (o) 
1379 ( 4 ) 
1454 (°) 
1596 (8) 
2924 ( 8 1 ) 
8031 (4) 
3064 (10 I) 


374 (5) c. k 

636 (3) e. k 

796 (8) e, k 

818 (j) 0, k 

1092 (10) e, k 

7210 (5) e > k 

1383 (2) e, k 

1598 (8) e, k 

2930 (5) e, k 

3040 (3*>) 

3062 (10) e, k 


38 (2) e, k 
50 (ib) e, k 
85 (ib) e, k 
129 (2) e, k 

390 (ib) e, k 
372 (3) e, k 
630 (1) c, k 

792 (5) ft, k 

1090 (5) c, k 

1210 (3) e, k 


1590 (3) e , k ^ 
2920 (2) e, k 

3062 (5) e, k 
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molecules. Hence these lines may be due to intermolecular oscillations in 
groups of associated molecules as pointed out by Sirkar (1937) and also 
recently by Ray (1950, 1951). 

Some of the other Raman lines undergo changes in intensity and posi- 
tion with the solidification of these two substances. For intance, iri the case 
of ortliochlorotoluene the line 163 enf 1 shifts to 1S6 cm” 1 the line 
246 cm"" 1 becomes much weaker and broader and the line 2928 cm"" 1 splits 
up into three lines at 2905, 2930 and 2956 enf 1 when the liquid is solidified 
and cooled down to — i8o°C. In the case of paraclilorotoluene the line 
306 cm” 1 shifts to 320 cm” 1 and becomes broader while the lines 1598 and 
2930 cm -1 shift to T590 and 2020 cm"” 1 respectively with the solidification. 
Further, the lines 1572 and 1503 cm"" 1 of o-clilorotoluene and the line 
1598 cm* 1 of £-chlorotoluene become much weaker wdien the liquids are 
solidified. Since these lines are due to C = C oscillation, this diminution of 
intensity may indicate a diminution in the number of such double bonds in 
the molecule with the solidification. All these facts clearly indicate a 
strong influence of intermolecular field on the frequencies of oscillation of 
certain modes and this influence may be due to association of the molecules 
in the solid slate which may be responsible also for the origin of the new 
lines in the low-frequency region. 

(b) Fluorescence spectra. It can be seen from Plate XVII that the both 
the substances in the solid state at — iSo r, C exhibit fluorescence bands in the 
visible region. The positions of centres and width of the intense bands are 
are given in Table III. 


Table III 

Fluorescence bands 


o-Chlorotoluenc* 

i 

| /’-Chlorotohienc 

Position of band 

Intensity j 

r i 

Width ill 

Position of band 

Intensity 

[ 

Width iti 

in A. IT. 

A. IT. j 

in A. U 


A. U. 

4400 

5 

1 

100 I 

4300 

5 

50 

■ 


1 

4500 

2 

50 



i 

4640 

JO 

100 

4760 

2 

5 o j 





The spectrogram for o-clilorotoluene in the liquid state also shows a 
stronger continuous background extending from 4100 A upto about 5100 A. 
Even after distilling the liquid in vacuum repeatedly it was not possible to 
get rid of this fluorescence. The spectrogram for the substance in the solid 
state, however, shows weak continuous fluorescence over the region from 
about 4250 A upto about 4400 A and two bands, one strong and wide band 
at 4400 A and a feebler band at 4760 A. The frequency-difference is about 
1565 cm"" 1 . This frequency corresponds to the C — C valence oscillation. 
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It is also an interesting fact that although f>-chlorotoluene does not yield 
any Raman line with frequency-shift below 306 cm -1 , o-chlorotolucne gives 
an intense line at 163 cm -1 . This fact may indicate a fundamental 
difference between the nature of the molecules in the liquid state in two 
cases. Probably in the case of e-chlorotoluene the molecules exist as dimers 
which give rise to this line at 163 cm -1 and also the continuous fluorescence 
mentioned above may be due to these dimers. Iii the case of />-chloto- 
toluene in the liquid state probably the molecules do not fotm such dimers 
and. therefore, the line 163 cm -1 is absent in this case and no fluorcsencc is 
exhibited by this liquid. When the liquid {s solidified, probably groups 
of strongly associated molecules are formed > in this case also and they give 
rise to the fluorescence bands given in Tube III as well as the new Raman 
lines given in Table II. The frequency-difference between the first 
and the second and the first and the third bands are approximately t >30 and 
1650 cm -1 respectively. It is significant that these frequencies correspond 
to those of the lines due to C-C and C = C oscitli lions of the molecule. Of 
course, the bands are very broad but this coincidence indicates llut these 
valence oscillations arc coupled to the electronic energy level of the ground 
state of the associated molecule during emission of the fluorescence ruliation. 
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OSCILLATION OF VISCOUS LIQUIDS IN TUBES AND 
THE CRITERION OF STREAM LINE MOTION 

By S. VENKATARAMAN 

Physical Laboratory, Nizam College. TTyderabaMDm 

(Received for publication, February 2 , 2953) 

ABSTRACT. I11 this paper the problem of oscillation of liquids in cylindrical tubes 
i s investigated. It is found that the logarithmic decrement j v k*T, where k = 1.2197 w/a, 
enables 11s to determine the viscosity of the liquid. 

It is also found that for stream line flow the radius of the tube must be such that the 
number a?;v T (where T is the periodic time), must lie between 5 and 37 

By this method the viscosities of fairly viscous liquids, viz. the higher alcohols, was 
determined and the values thus obtained agree well with the standard values given in 
International Critical Tables. 


INTRODUCTION 

I11 a paper published by the author (Venkataraman, 1933; a photographic 
method was described for the determination of the viscosity of mobile liquids. 

Investigations on the oscillatory motion of a fluid along a circular tube 
was carried by Christopherson, cl al (1938). The authors tried to find the 
viscosity of a liquid. They found that it was not possible to determine the 
coefficient of viscosity by finding the logarithmic decrement of the free oscilla- 
tion. After an elaborate mathematical analysis they found an expression 
which was ultimately used to measure viscosity, but probably they overlooked 
the work of the author (Venkataraman, 1933), where the problem of damping 
of free oscillations of a cylindrical liquid column was already solved. They 
found in their investigation that turbulent flow can be avoided by using 
small bore or small displacement and suggested that the question of setting 
in of turbulence could be settled only by experiment. 

The problem of steady flow in tubes was investigated by Reynolds, 
who stated that when the velocity of flow was greater than a certain maxi- 
mum, Wo, turbulence sets in. For stream line flow the Reynolds’ number 

~ - should be a constant. The turbulent motion of oscillating liquids was 

V 

not so far investigated. It is proposed to study this experimentally in this 
paper. 

The method may be briefly described. The liquid under investigation 
is allowed to oscillate either in a U-tube or in two vertical tubes projecting 
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out of a bottle filled with the same liquid. The oscillations of the portion 
of the liquid meniscus near the axis of the tube are photographed hy means 
of Raman’s vibrograph camera. The logarithmic decicments of the damped 
oscillations of the liquids are determined from the photographs. The 
kinematic viscosity and hence the coefficient of viscosity of the liquid is 
determined from the relation : 

Logarithmic decrement 8= &'k a T, 

where k= - '■ - - — , a is the radius of the tube and T is the period of oscilla- 
tion. The above relation can be rewritten as 

v = o.i 3 6 h — orr/ = o T36 S as v— ' ... (j) 

I 1 P 

As at that time the interest was only to develop a new method of 
measuring the absolute coefficient ot viscosity, it was found sufficient to 
obtain an expression for logarithmic decrement, which was easily deduced 
from Stokes’ dissipation function and no attempt was made to study the 
limits for which oscillation of liquids ill tubes is stream line. 

It was pointed out in that paper, that for satisfactory results, the oscilla- 
tions should be neither too large nor too small. Amplitudes between 1,2 
and 0.8 cm gave the best results for the mobile liquids investigated, it was 
found that the radii of the tubes should lie between certain limits. In this 
paper an attempt is made to carry the problem a step further and also to 
find out the effect of the viscosity of the liquid and radius of the tube 011 
the stream line motion of the liquid. 


T II K ( > R Y 


Starting from Navier Poisson equations the modulus of decay of the 
motion of liquid in a circular cylinder was already solved in the general 
case (Lamb). 

The particular solution in the present case can be written as 


•,Ju* 

I /u(fc 


jkr) 

( ha ) 




... (2) 


where $ is the stream function and a is the ladius of the tube. 

To satisfy the condition that the tangential velocity may vanish when 
r = a, we have : 

J' 0 {ka) = o, 1. c . Ji(ka)— o ... (3) 


T 2107 

the first root is given by ka — — 

The above relations completely determine the motion of the liquid in 
the tube. In the case of Very viscous liquids, the motion will no longer be 
periodic j the motion gradually subsides and by measuring the time taken 
for a certain displacement we can measure the viscosity of very viscous 
quids like glycerine. 
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CONDITIONS FOR STREAMLINE FLOW 

In order that the logarithmic decrement may be constant, it is necessary 
that the motion should be stream line. We shall, therefore, investigate the 
conditions for which the motion is streamline. 

I*et equation (j), be written in the from 


a ‘ 2 /vT~ 


i 

0.136S S. 


(4) 


It will be noticed that the expression on the left hand side of (4) is 
dimensionless, and may be regarded as a quantity playing the same role in 
oscillatory motion, as Reynolds* number in steady flow. 

If we plot a 2 / W against 1/8, the curve should obviously be a straight 
line. Its actual for n is as shown in figure 1. The photographs obtained 
with all the tubes used in this as well as the previous investigation on the 
subject, were used in plotting the cuive. 

2 

It is clear that the graph is a straight line for values of a — lying 

v T 



01 2 .14 5 

i/« 

Fig. 1 

approximately between 5 and 37 or for 1/8 values between 0.5 and 5.1. That 
is to say, for satisfactory results by this method, the values of 8 should lie 
approximately between 2 and 0.2. Values of 8 > 2, tend to give a higher 
value for y and values of 8 >0.2 give a lower value. For the success of 
this method the following conditions must be observed. Large oscillations, 
where drainage of the liquid along the walls of the tube appear to have a 
vitiating influence on the results, should be avoided. So also very small 
oscillations, where the motion is so slow that only the layers of the liquid. 
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about the axis appear to move, should be avoided. Influence of surface 
tension is negligible for moderate amplitudes but appear to have some 
influence for very small amplitudes. 

R E S l 1 L T S FOR MOI) H K A T K I. V VISCoi’S L 1 o (i I I> S 

As a further confirmation of the correctness of the method, it has now 
been used for the determination of viscosities of comparatively viscous 
liquids, the higher alcohols and aniline, using tubes of 0.7710 r.12 cm 
diameter, and the results are recorded in Table I. 


Tahi.i? I 

Length of the oscillating column, 51-5.] cm 
Period (experimental), 1.I4 secs 


Liquid 

Density 
at 3o°C 

Tube 1 
a = 0.3S5 cm 

'l'u be 2 
a — o 4S cm 

.Tube 3 
a -'o 50 cm 

V 

(I'Yoni I. C. T.) 

i 

! 

1 


5 

V 

$ 

V 

5 

V 


Normal 

prtpyl 

alcohol 

0 79 .S« 

1.60 

0.017s 

1.02 

o*OT 77 

o- 75 .S 

n.0177 

001732 (al 30°. 83 C) 

Isoprop} 1 
alcohol 

o -7774 

1.63 

0.0177 

1. ol 

0.017O 

0.763 

0 0176 

0.017273 ( ,, 30°. 55C) 

Normal 

butyl 

alcohol 

0.8029 

2.01 

0.224 

1.20 

0.0221 

0.920 

0.022 

0 02172 ( ,, 31 °* 73^) 

Isobutyl 

alcohol 

0.7944 



1 .6^ 

0.0 :S6 

i. 21 

0 0285 

O 03638 ( ,, 21°. 77C) 

Aniline 

1 

1 

1.013 j 



J 47 

0.0324 

1.07 

0 0322 

0.02977 ( ,, 31°. 76G) 


C ONCDUSIO N 

As seen from columns (8) and (0) the values of viscosities of fairly 
viscous liquids determined by this method agree remarkably well with the 
values given in the International Ciitical Tables. I* or getting accurate 
results the motion should not be turbulent. To ensure this tubes of proper 
radii should be selected and the amplitude of oscillation should neither be 
too large nor too small. The reason for this was pointed out above. 

The determination of the viscosity of mercury by this method is of some 
interest for many reasons. Preliminary observations confirm the results 
obtained. Hence it is proposed to study the oscillation of this liquid in 
detail and it is also proposed to apply this method to the determination of 
the viscosities of other liquid metals and very viscous liquids like glycerine, 
where the liquids do not oscillate at all. 

4 — 1832I*— 9 
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THE ULTRAVIOLET ABSORPTION SPECTRA OF 
PHENETOLE AND n-BUTYLBENZOATE IN 
DIFFERENT STATES * 
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ABSTRACT. The absorption spectra of phciu*ti>lc in the 1 it juid and solid states and 
those of n-butylben/oate in the vapour, lit j uicl and solid phases have been photographed 
in the region between 2820 and 2500 A V using thin films of the substances in the case of 
the liquid and solid phases 

In the absorption specli 11111 of phenetole m the liquid state at 30 C, tluee broad bands 
art* observed with the riband at 35771 cm" 1 and othei bands corresponding to a 
progression cf vibrational frequency q«*i cm 1 In tlie solid state at — 1K0 C the broad 
bands observed for the liquid stale become much shaipcr and each is accompanied by 
three faint bands. The bands eoricspoiid to the vibrational frequencies 773. ( D-s CMS 
and 1 272 cm" 1 and their combinations The ^Q-band in (he solid state at iSo'C is 
sjiifted towards longer wavelengths by 3S t in 1 fruni its position m the liquid state and 
by 62c; cm" 1 from its position in the vapour stale 

'Hie absorption spectrum of 11 butylben/oate in the \apotii stale > it Ids q bands with 
the i^-band at 36009 cm 1 and progression of vibrati mal frequencies 3^ n an( i 9M cni ’ 
and tlieir combinations In the liquid staU at 3- C th»* substance } ields only three bands 
corie.spondiug to vibrational frequency 052 rnr' ami the whole spectrum ts shifted by 
about 573 cm 1 towards longer wavelengths. \\ hen the liquid is solidified and cooled t<> 
-jgoV the bands shilt bv about too cur 1 towards longer wave lengths and become a 

little sharper. 

These results have been discussed m d< tail. 

INTRODUCTION 

The investigations of the absorption spectra of some aromatic organic 
compounds in different states and at different temperatures canted out 

recently in this laboratory (Deb. 1951. I( > 52 . T< -*53 •' Sirkar a,1(1 Swamy 1952 ’ 
Swamy 1952, 1953) yielded results which furnish much information regard- 
ing the influence of the intermodular field on the electronic energy levels 
of the molecules in the liquid and solid states. The investigations referred 
to above were mainly confined to substituted benzene compounds and a few 
doubdring compounds. Yet the changes taking place in the absorptton 
spectra with change of state were found to be of widely different characters 
for different molecules with, of course, some characteristics common to all 
the substances. For example, the v.-band and the spectrum as a whole are 

4 Communicated by Prof. S* C. Sirkar 
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shifted towards longer wavelengths in all the cases with the change from 
vapour to liquid state. The number of bands also become much smallei 
with liquefaction of the vapour, but the subsequent changes taking place in 
the spectrum on solidification of the substances are found to be different for 
different molecules. In some cases the electronic energy level is spilit up 
into several components with solidification and lowering of temperature of 
the substances (Sirkar and Swatny 1952, Swamy 1952). In the case of other 
molecules such as diphenylmethane, dibenzyl (Deb 1953)* />-dichlorobenzene 
(Swatny, 1952), etc., the bands due to the liquid phase become sharper in 
the spectrum due to the solid stale at low tcmpcraUue, and as a result of 
this sharpening some weak bands due to o - v transitions, which are absent 
in the case of the liquid phase, are distinctly resolved in the spectra due to 
the solid phase. The sharpening of the bands were attributed to cessation 
of angular oscillations of the molecules in the crystal at low temperatures. 

There is still a third group of compounds, the absorption spectra of 
which do not undergo the changes mentioned above with the change of 
state from liquid to solid phase. Methyl and ethyl benzoates were found to 
belong to this group (Deb, 19516, 1953). 

Further, the shift of the v 0 -band with solidification in the case of all 
compounds studied so far was found to be diffeient from each other in 
magnitude and direction, for different compounds. The vibrational frequen- 
cies for the excited state were also found to be changed in the case of some 
compounds with solidification and lowering of temperature of the substances. 

The investigations were continued in order to get information regarding 
other compounds and the present paper reports the results obtained in the 
case of phenetole (C 0 H,OC 2 H 5 ) and w-butylbenzoate (C ft U*COOC 4 H,). The 
data obtained in the case of phenetole have been compared with those in 
the vapour state leported by vSreeratnamurty (1951) and in the other case the 
spectra for all the three states have been investigated. 

K X PKRT M Iv N T A h 

The experimental technique used in these investigations has been 
described previously (Deb. 1951a). The ultraviolet continuum was obtained 
from a hydrogen discharge tube run at about 3 K. V. The thickness of the 
absorbing film in the solid and liquid states, required for the production of 
bands in the absorption spectrum was about a few microns in the case of 
phenetole and less than o. 1 mm in the other case. For investigations at low 
temperatures a Dewat vessel made of fused silica was used as before. 

The substances studied were of chemically pure quality. Phenetole 
was supplied by B. I). H. and M-butylbenzoate by Fisher Scientific Co. of 
U. S. A. They were redistilled in evacuated double bulbs before use. 

The length of the of the absorption tube used in the investigation of the 
spectrum of n-butylbenzoale in the vapour state was 90 cm, the ends being 
closed by quartz windows, sealed with sodium silicate cement. A Cenco 
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Hyvac pump was used to evacuate the lube. The tempeiatuie of the tube 
as well as the bulb containing the liquid, connected to the tube was main- 
tained much above room temperature by playing the (lame of a burner over 
the tube and bulb intermittently. 

All the photographs were taken on Ilford H. P. 3 films using a Hilger 
K 1 quartz spectrogrph which has a dispersion of about 3 A.U. per 111111 in 
the region, 2600 A. Iron arc comparison was recorded in each photograph 
and microphotometric records of the spectra were taken using a Kipp and 
Zonen self-recording microphotoinetor. In each recoid a known iron line at 
one end of the spectrum was taken as the reference line. The wavelengths 
of the bands were calculated from these reeprds from the known ratio used 
(1.6 : 1) and the distance of peaks f 10111 the reference line mentioned above. 

R It S' TT L TS AND PIS C U S SION 

The microphotometric recoids of the spectra have been rcpioduced in 
figures 1 and 2 and the wave numbeis of the bands and their assignments are 
given in Tables I and II. For comparison, the wave numbers and assign- 
ments of several prominent bands of phenetole in the vapour state, reported 
by Sreeramamurty (1951) have been included in columns 1 and 2 of Table I. 
Column 3 of the same table gives the exicited state frequencies of phenetole 
vapour leported by Robertson, ct nl (195°) • 

Taulu I 

Ultraviolet absorption bands of phenetole ^- 0 -C 2 H 6 


Vapour (Sreerama- 
murty , 095 1 
(Prominent bands only) 


Vapour 
(Robertson ct 
a l , 1950) 


Liquid at 3<»“C 
d*iesent author* 


Solid ;it - i£o°C 
(Present author) 




, 


v (enr M 
and lilt. 

Assign- 

ment 

Rxt ited st 
f rc‘(|ueiK ies 
(C... l ) 

v (em ' ) 
and Int. 

36362 (vvs) 
36916 (ms) 
37106 (vs) 
37130 (ms) 

^0 

>'o+554 
>'(1+744 
i'u+744* 4 ' -7 

LS5 (") 

34° 

760 1\ s) 

940 (vs) 

1255 (ill) 

.1S771 m 

36672 (vvs) 

37269 (vs) 
37314 (ms) ! 
37625 (vs) 

*0+9°7 
*0+952 
* 0 -f 1272 

The r 0 band 
at 36352 ein' 1 

37572 (w) 

1 


Assign- v fetn “ ‘) Assignment 

nient and Hit 


35733 twsi >'<, 

36293 (ills) - ^4 560 
, 36506 (s) ; i^ 0 -+ 773 

I 3^635 (w) ; >'0 + 902 

> 36678 (vvs) , r 0 +945 
I 37005 (w) Vy+1272 

! 37239 (ms) 1 v 0 -t 945 + 560 
' 37449 (*) ! *'0+945 + 773 

Vu+axgm 57625 (ms) I ^+2X945 

i 37053 (w) ! ^0 + 945+^72 

1 38182 (v\v) i *^0 + 2 X 945+560 
I 38561 (ww) | v 0 + 3X945 
! 38898 (vvw) (>'04-2X9454' 1272 




355 °° 3 ^ 5°’ 1 375 °° 

Wavenumber tcm‘ l ) 

Fig. 2 

ui) Vapour ib‘ Liquid a* 3°°C \c) Solid at — iSo'C 
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Tauus 1 1 


Ultraviolet absorption bands of » -butyl benzoate 


Vapour 

! Liquid at 32 °C 

I 1 

Solid at 

-i8o°e 

v (cm' 1 ) and 
Ini. 

Assignment 

v (nif 1 ) and 
Int. 

Assignment 

v (cm* l ) 
and Int. 

Assignment 

35703 (vvw) 
36099 (vs) 

36459 (wj 

37°43 (vvs) 
37400 (w) 

379*6 (s) 

38348 (v\\) 
3S920 (vw) 
39290 (vvw) j 

"0-396 

"0 ; 

"0 + 360 

"c+944 j 

"0 + 944*+ 360 

"0 + 2 x 944 j 

1/0 + 2X9/14x360 
"0+3X944 1 

"o+3 x 944 -4- 360 | 

1 

' 35627 (vs) 

36579 (W.s) 

37526 (w) 

"0 

"0 + 952 

" 0 4 2 Xc> 52 

35526 (vs) 

36478 (vs) 

37428 (vv) 

"p 

•41+952 

•4I + 2X952 


S-C-O-CJ*, 

II 


) 


o 


Phcneiolc • 

It is seen from Table I as well as from figure i that the fine structure 
of the bands of phenetole vapour reported bp Sreeramanmrty (1951) I s 
completely absent in the spectrum of the substance in the liquid state, 
Only three broad bands arc present in the liquid state. The first one on the 
longer wavelength side, which is at 35771 cm' 1 is taken as ‘the v„-band. 
The ivband in the vapour state (Sreeiamamurly, 1951) is at 36362 cm -1 . 
Thus there is a shift of the v„-band by about 391 cm -1 towards longer 
wavelengths with the liquefaction. The only vibrational frequency in the 
excited state observed in the case of the liquid state is 901 cm -1 measured 
from these broad bands. In the case of the solid phase at — i8o°C, the broad 
bands of the liquid phase become much sharper, so that several other feeble 
bands which are merged in the broad bands in the spectrum of the liquid 
state are clearly resolved out. The vibrational frequency 901 cm -1 deduced 
from the centres of the broad bands in the case of the liquid state is found 
to be resolved into two bands at 902 and 945 cm -1 in the case of the solid 
state. The other new bands are found to have frequency-differences 560, 
773 and 1272 cm -1 from the v„-band and their combinations with the 
frequency 945 cm -1 or its harmonics. These bands, therefore, are due 
o — v transitions and not due to the splitting of electronic energy levels. Some 
of the excited state frequencies observed in the case of the vapour {Sreerama- 
nmrty, 1951) are 554, 744, 907, 952 and 1252 cm' 1 . Robertson, et al (1950) 
reported the excited state frequencies 760, 940 and 1255 cm -1 besides a few 
more, in the case of the vapour state. But there is one significant 
difference between the spectrum due to the vapour and that due to the solid. 
It is quite evident that the bands representing the frequencies 560, 773 and 
1272 cm -1 in the case of the solid state are much weaker than the corres* 
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ponding bands observed in the case of the vapour. Thus the transitions 
are restricted by neighbouring molecules in the solid state. The sharpening 
of the bands observed in this case is evidently due to cessation of some 
motions of the molecules in the lattice, which, as has been pointed out 
earlier f*$ivamy, 1952 ; Deb, 1953) might be the angular oscillations of the 
molecules. The influence of the intermolecular field on the electronic 
energy level is clearly indicated by the shift of the i' 0 -hand with liquefaction. 
The cessation of angular motions of the molecules is probably caused by 
the formation of virtual bonds between neighbouring molecules. The shift 
of the v 0 -baud is towards longer wavelengths both with liquefaction of the 
vapour and solidification of the liquid phase in this case, and this may 
indicate a gradual strengthening of the virtual bands with lowering of 
temperature. 

The absorption spectrum of anisole, the lower homologue of phenetole 
is exactly similar to that of phcntole in the liquid state. In the solid state, 
however, they are not exactly similar. I11 the case of anisole only one more 
vibrational frequency, in addition to that of the liquid state was observed in 
the solid state at low temperature (Deb, 1951a) ; whereas in the present case 
three more vibrational frequencies and several combination frequencies are 
also observed. 
n-Butylbenzoatc : 

In the vopour state w-butylbenzoate yields 9 bands. The strong and 
sharp band on the long wavelength side of the spectrum at 36099 enf 1 has 
been assigned as the v 0 -band of the system. The otlire bands are then 
found to correspond to vibrational frequencies 360 and 944 cm" 1 and their 
harmonies and combinations. One very feeble band on the long wavelength 
side of the v 0 -band is observed at a distance of 390 cm" 1 from the v 0 band. 
This band is totally absent in the spectra due to the liquid and solid states, 
lividently, this represents a ground state vibrational frequency which 
probably fall to the value 360 cm" 1 in the excited state. 

In the liquid state at 32°C, the substance yields only three broad bands, 
the distance between the centres of the successive bands being 952 cm 
The v 0 -band shifts towards longer wavelengths by 472 cm 1 from its position 
in the vapour state, when the vapour is liquefied. When the substance is 
solidified and cooled to - iSo°C, the bands again shift towards longer wave- 
lengths, the shift of the v 0 -band being 100 cm -1 . No further changes are 
observed in this case, except a slight sharpening of the bands with lowering 
of temperature to — i8o°C. The vibrational frequency 944 c,n 1 t^e 
vapour state remains practically the same in the liquid and solid states in 

this case. 

These results are similar to those observed in the case of ethylbenzoate 
(Deb, 1953) and metbylbenzoate (Deb, 1951&). The influence of the inter- 
molecular field thus lowers the excited state energy levels of these molecules, 

5 — 1832P — 9 
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this lowering for the change from vapour to liquid phase being much larger 
than that for the change fiom liquid to solid phase. The absence of any 
appreciable sharpening of bands at — i8o°C points out that the angular motions 
of the molecules, which are supposed to be the cause of the broadening of 
bands in the liquid state, persist in this case even at -i8o°C. The linking 
of the molecules will the neighbouring ones at low temperatures is thus 
less favoured in this case than in the case of phenetole. From an observa- 
tion of similar results in the case of ethylbenzoate it was suggested that the 
shape of the molecuie might be the determining factor in allowing the 
formation of virtual bonds in such a way that angular motions of the 
^nolecules arc very much restricted. Kvidently, in all these benzoic acid 
esters the presence of the flexible groups C-()-C\H f) etc. is responsible 
for the fluctuation of iutermolecular field even in the solid state at -i8o°C. 
The v, ,-band is a little sharper in these cases than the other bands. This 
shows that the vibrational transitions of the molecules broaden the electro- 
nic energy level in the excited state. 
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RADIATION PROPERTIES OF THE OPEN END OF A 
RECTANGULAR WAVEGUIDE WHEN THE END 
PLANE IS INCLINED TO THE GUIDE AXIS* 


By fi. S. SANYAL 

Institute of Radio Tinsics and Rijttromcs, Calcutta (Tnivkksitv 
(Received lor publication, i ugvsf •//, /<;.*,}) 

ABSTRACT. Tin* fat -/one field intensity pattern t!ne to radiation ft 'mi the obliquely 
rut open end of a rectangular waveguide is studied experimentally and thorn rticnlly 
in the microwave frequency range. The waveguide used had internal dimensions <>f 
o.y"Xow|" and the exciting wavelength was in the range 3.4 to 3 ,s (’ins. llu* experi- 
mentally obtained radiation patterns show that in the -plane of the waveguide, the beam 
width of the major lobe decreases with the increase of the angle of inclination * f tfu end 
platie to the guide axis and a compromise between the beam width and the intensities of the 
minor lobes is affected when the inclination is 50 - . Making certain simplifying assump- 
tions the normalised radiation patterns are calculated by applying the detraction thioiy. 
The possible sources of discrepancy between the calculated and e\pofimcnt»il patteins 
are discussed. To cheek the matching proper! v of the open end to fiee space, \ S.W .R. 
(voltage standing wave ratio) measurements have also been rallied out for various 
inclinations of the end plane. Tt has been found that the \ S W.R in the wavelength 
range tested is not high and the matching properties improve when the inclination is 
large, e.g., 70°. 


I. INTR O I) V G T I () N 

Of the many types of apertures employed as radiating elements in the 
microwave frequency range, one of the simplest is the open end of a 
rectangular waveguide. vSucli open ends, with the cud plane peipeiidiculat 
to the waveguide axis, are often utilised to serve as the piimaiy feed of 
microwave antenna systems. The radiation properties of such apettures 

have been investigated by Chu (1940). 

Radiation properties of open ends, with the end plane inclined to the axis 
of the waveguide appears, however, not to have been studied, though, such 
obliquely cut apertures are likely to be of use as feeds, lhe present paper 
describes the results of such study, both experimental and theoretical, made 
in the microwave range with a rectangular waveguide with the open cud 
perpendicular to the H-plane, but inclined to the guide axis at various 
angles. It has been found that as the inclination of the end plane to the 
guide axis increases, the direction of maximum radiation deviates away 
from the normal to the plane towards the waveguide axis, At the same 

* Communicated by Prof. S. K. Mitra. 
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time, the width of the major lobe in the H-plane decreases. When the 
inclination is very large, minor adjacent lobes of appreciable intensity 
appear. When the inclination is about 50°, a compromise is effected 
between the beam width of the major lobe and intensities of the minor 
lobes. It has been found that the radiation pattern in the .E-plane is 
practically unaffected by the change of inclination of the cut. This, of 
course, is as expected, because, the shorter sides of the rectangular cud 
plane are unaffected by changes in the inclination. 

Attempt has also been made to calculate, on the basis of the diffraction 
theory, the normalised radiation pattern of the opening. Fair agreement 
has been obtained between the calculated and experimental patterns. 
The possible sources of discrepancy between the two are discussed. 

To check the matching pioperty of the open end to free space, V.S.W.R. 
(voltage standing waye ratio) measurements have also been carried out for 
various inclinations of the endplane. It has been found that the V.S.W.R 
in the wavelength range tested (3.2 to 3.5 eras) is not high and the matching 
properties improve when the inclination is large. 

2. EXPERIMENTAL OBSERVATIONS 

As mentioned in the Introduction, measurements were carried out, (i) on 
the radiation properties of the obliquely cut open end of the icctangular 
waveguide and (it) on the V.S.W.R. in the waveguide for vaiious inclina- 
tions of the end plane. The waveguide used had internal dimensions 
0.9" x 0.4". The exciting wavelength was in the range 3.2 to 3.5 eras. 

(1) Measurement of the radiation pattern. The u r aveguide with its 
H-plane horizontal was suitably mounted about 5 ft. above the floor level. 
To obtain radiation from the open end (which will hereinafter be referred 
to as “antenna”), the waveguide was fed from a C.W. klystron oscillator. 
The output of the oscillator was controlled by an attenuator and was delivered 
to the ‘antenna' through a flexible R.F. co-axial cable with waveguide 
adapter at its ends. A reaction type cavity uavemeter was incorporated to 
note the frequency. 

T o measure the field intensity, a moderately directive pyramidal horn, 
with aperture dimensions 3I" x 3^" and 3J" long was used as a pick-up 
antenna. The horn was suitably mounted on a movable base at the same 
height above the flooi level as the antenna (1 ft.). The axis of the horn 
was horizontal and, when taking measurements, always pointed towards the 
centre of the antenna. The horn terminated in a crystal detector and a 
D.C. microammeter read the crystal current. The microammeter readings 
were periodically calibrated by a precision variable waveguide attenuator. 

The far -zone radiation pattern was measured in the horizontal plane, 

5 ft. above the floor level, by moving about the receiving horn. For each 
case, two measurements of the H-plane radiation pattern were made by 
turning the waveguide from one of its broadsides to another. Almost 
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identical radiation patterns were obtained indicating that the effect of stray 
leflections from neighbouring objects was negligible. K-plane tadiatiou 
patterns were measured in the same manner. The patterns obtained for 
various inclinations of the end piano are shown in figures i(a) to i ( ? ) . 



Fig. i(a) 

FI-plane radiation pattern Broken hue curve — experimental Continuous line 
curve — theoretical Guide dimensions (internal): ho"xd f' vvitli o i" 

all ; a -3 35 cms i a *-“ « n 



Fig. i(c) 

Same as Fig. i (a) with a = 30°. 


Fig. i(g) 

Same as Fig. i(a) with a = 70 







Radiation Properties o j 


a Rectangular WaOegu.ac 




V ,G. iW • ,„hl Sol>-l'" lCtm 

1 , n tW~**V etUtt tl 0 «*« • 

u , rns . Broken «' th °-‘ 

tinttr 

theorCt ' Ca ' .. . «r R. Ptoduced » _ 


r.ui'it , 

, , v R , ptoduced » 

ctns- V* ^ * . f r( u> 

, ur R. „ 0 t the opeo « nd ° „itU s <“ 

*• -ed 

wavegui^ L » nrecis ' 011 wavefo 

measured by » »'«’ 


470 


G* $. Sanyal 


detector unit. A fixed 15 db attenuator and a precision variable attenuator 
were interposed between the R. F. source *C. W. klystron oscillator) and 
the standing wave line. To measure the V. S. W. R. the probe detector 
carriage was placed at a voltage minimum. The probe was then shifted to 
its adjacent maximum and the extra attenuation required to bring the level 
of detected current to its previous minimum was a measure of the V. S. W.R. 
The klystron output and frequency was monitored through a directional 
coupler by a reaction type wavemeter and a crystal detector. A schematic 
diagram of the set up is shown in figure 2. V. S. W. R. obtained is shown 
in figure 3. 



Fig. 2 

Flock diagrm of the experimental arrangement for the measurement of the V. S. W. R. 
in the guide. 



Fig. 3 

V S. W. R. in the guide versus inclination of the end plane of the waveguide. 


3. THEORETICAL ANALYSIS 

In order to calculate the intensity of the radiated field at any point in 
the far-zone, it is first necessary to know the distribution of the field — the 
amplitude and the phase — over the aperture plaue which acts as the radiating 
antenna. For this we shall make the following simplifying assumptions* 
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(i) Phase Distribution. The dominant mode (77-: ol ) of the field 
advancing along the axis of the waveguide produces a field distribution, 
uniformly polarised in the aperture plane XOY (figure 4) with the electric 
field vector along the Y-direction. We assume that the phase distribution 
in the aperture plane is the same as that, which would have existed if 
the waveguide had not been cut and continued along the right (figure 5) 






Fig. 4 

View of the inclined end plane of the waveguide showing the co-ordinate 
systems. 


D/*£CTJON or 
PMOPAtATtOH /M3JO£ GtUD£. 




Fig. 5 

Diagram illustrating the phase shift at a point (x, y, o) relative to the origin in 
the end-plane. Distance PA corresponds to the phase lag associated with the 
point. 

Hence, remembering that the cut leaves the narrow dimension unaltered, 
the phase distribution over the aperture with reference to the centre point 
of the plane is given by 

— (277(^0) x sin oc \ 

to *) 20 I 

6 — 1832 P — 9 
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where A ff is the wavelength inside the waveguide given by 

A„ = A/ v' r - (A./2a , ) i4 ... ( 2 I 

o' being the broad dimension of the waveguide. 

(ii) Amplitude distribution. With the dominant TE U1 mode if, as 
before, the waveguide is imagined to be continued beyond the cut end, one 
has to assume that the amplitude distribution (normalised to have a maximum 
value of unity) in the X-direction is sinusoidal, being given by a(x) = 
cos (srr/o). Since the guide is limited at the aperture plane, higher order 
mode fields of the type TE„ n are locally generated in the region of the same. 
Though, it is not possible to assess the individual contributions due to 
such high order modes, it may reasonably be assumed that field (TE vn ) due 
to these higher order modes, together with the dominant mode, will tend 
to make the amplitude distribution over the aperture plane more or less 
uniform. The amplitude distribution may thus be assumed to be appioxi- 
mately uniform i.e., we write 

a,U) = i, —a/2 < x < af 2 — (3) 

Since the narrow dimension of the guide is left unaltered by the oblique 
cut and since modes of the type TE„ n only are assumed to be present, the 
amplitude distribution in the Y-direction is also constant and we write* 

a 2 (y) = t, - b/ 2 < y < bl 2 ... (4) 

(Hi) There will be currents flowing over the exterior surface of the guide. 
There will also be reflected component of the dominant mode field in the 
aperture. The effects of these are, however, small and are neglected. 

With the above assumptions, the field distribution function f(x,y) 
for the aperture may be written simply, from Eqs. (3) and (4), as 

f(x,y)—exp\—j(2n/\ p )x sin »] ... (5) 

The far-zone field intensity pattern in the direction 6, </> due to the 
radiating aperture having a field distribution as given by Kq. (5), may, 
therefore, be written according to the usual diffraction formula (Silver, 1949) 
as follows : 

/ / 2 pbl'l 

J fix, y) (cos 0 + S , )exp [ sin 9{x cos <p 4 -y sin <f>] dx dy 

-« l 2 - 7*2 

... ( 6 ) 

where /?= 2ff/X is the freespace phase constant, 

A is the freespace wavelength, 

and S r is the 2-component of a unit vector along a ray through the aperture. 

Since the phase distribution in the aperture plane has been assumed to 
be that due to the TE 01 mode alone in the guide, Sz is given by 

* The effects of the modes of the type TE„ n {m > o) on the amplitude distribu- 
tion are neglected. The variations that are possibly introduced, by the presence of the 
higher modes of propagation are also neglected in writing out the expression for the 
pifaae distribution.) 
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= [ ' — (A/Ay) 2 sin ... ( 7 ) 

Substitution for f(x, y) from Eq. (5) in Eq. <6) yields 

/ I* 

exp[j{/3 sin 0 cos <f> - sin a) x]dx 

-«/* 

Al 2 

x J exp[/(/3 sin 0 sin 0)y]dy 


= ab(cos8 + S,)\ sin Hn , q/A)singcos»-(7ra/A g )sin «j 
* (ira/A)sin 0 cos0 — (wa/A^sm a 

... ( 8 ) 


(9) 


(10) 

The field patterns in the H-plane given by Eq. (9) were computed for 
values of » at 10° degree intervals and normalised by setting (gt >> ma * to be unity. 
The computed patterns are shown, along with those obtained experimentally, 
in figures 1 (a) to 1 (h). 

It will be seen from Eq.(io) that the pattern in the E-p’ane has a 
maximum along 0 = o and is symmetrical. The variation in S, due to 
different values of *, will modify the patterns only to a minor extent. In 
computing pattens in this plane, therefore, 5, is put equal to unity for all 
values of «. This computed pattern together with those experimentally 
obtained are shown in figure 1 (i). 


sin {(fffe/A)sjn 6 cos 
(jrb/A)sin 6 cos <f> 


The principal plane patterns are therefore 
In the.YZ or H-plane (0 = 0), 


g{8 } = (cos 9 + S t ) ® lsl« “1 

bra/A'sin 0 — (>ra/A ff )sin a 


In the Y7. or E-plane (<p = n/ 2), 


gW=(cos « + 5.) 

(,Th/A)sin 0 


4. DISCUSSION 

It will be seen from the H-plane radiation patterns that so far as the 
major lobes are concerned, the agreement between experimental and 
theoretical results is quite satisfactory. This is notwithstanding the several 
simplifying assumptions that have been made in carrying out the computa- 
tion. The zeroes and maxima of the adjacent side lobes — then they occur — are 
nearly at the predicted angles. The beam width of the major lobe, as 
measured between the two balf-p° wer points on either side of the maximum*. 
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gradually becomes narrower and the side lobes are of negligible intensity 
up to the case with <* = 6o° degrees. 

Since the E-plane radiation pattern is symmetrical and is almost 
independent of a, the assumption of constant amplitude distribution in the 
Y -direction of the aperture, [e.g., a 2 (y) = i] is justified. The patterns 
would have been considerably distorted if the higher order modes of type 
TE m . ( hi > o) were present. 

Let us now discuss the radiation patterns in the H-plane a little more 
closely. Figures i (a) to i (h) show that for angles 1 *) less than 70° degrees, 
the patterns are deviated towards the normal to the aperture more than is 
predicted by theory. This deviation ol' the pattern from the predicted angle 
is maximum for an angle (*) of about 40° degrees and becomes least for an 
angle of about 70° degrees. Thereafter, the deviation is in the other sense, 
that is, away from the normal. The shift of the pattern towards the normal 
from the predicted angle may be due to the presence of unequal wall currents 
flowing on the exterior narrow surfaces of the guide. This effect is 
augmented by the fact that the energy density in the aperture plane is not 
uniform, as assumed, due to the continuous spilling over of energy from 
inside the guide to the open space across the aperture. This will produce 
a gradual decrease of aperture illumination in the A' -direction. Also, since 
the phase velocity in the guide in the region of the aperture is higher than 
the free space velocity, the incident wavefront will tilt towards the normal ; 
thus, the effective angle of incidence of the wave on the apertuie plane 
(i. e., a) is less than the actual angle of cut. However, as the inclination of 
the end plane increases, the guide wavelength X a in the region of the 
aperture approaches the free space wavelength A, and a greater phase shift 
per unit length in the A-direction is produced. This greater phase shift 
will deviate the direction of maximum intensity away from normal. An 
opposing effect thus comes into play making the agreement with the 
theoretical results better as * increases (cf. « = 70 degrees). For 
still larger angles (e.g. « = 8o degrees), the aperture dimension, which 
is proportional to sec <x, increases very rapidly and the counterbalancing effect 
becomes predominant. This accounts for the deviation of the measured 
radiation pattern in the direction away from the normal. 

It will be seen from figure. 3 that the reflection, corresponding to the 
dominant mode, set up in . the guide, increases as the angle « increases, 
reaching a maximum in the neighbourhood of a = 40 degrees. 
Thereafter, it decreases continuously. This shows that the effect o. the 
higher order modes on the impedance transformation from guide to free apace 
becomes more pronounced with increasing values of <*. For large values of 
« («>5o°l, however, the transition region trom the waveguide to free space 
becomes more gradual and hence the guide is more effectively matched to • 
free space. 
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ON THE RELAXATION TIME OF POLAR MOLECULES 

IN THE LIQUID STATE 
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ABSTRACT. It is pDinted out that the values 0/ a.,., deduced by previous workers 
from Cole and Cole equation do not agree with the Values actually observed bv some 
recent workers in the case of a few polar liquids. Debye's theory is extended lo the case 
of a liquid containing a mixture of monomeric and dimeric molecules and an expression for 
the complex dielectric constant has been deduced. It is found that the expression is loo 
complicated to yield a simple condition for maximum absorption. 

The various causes for the discrepancy between the actual molecular volume and the 
volume of the rotor calculated from Debye’s theory observed in certain cases have been 
discussed. 


1 N T R OIIUC T I O N 

It is well known that the value of the permanent electric moment, p of 
the molecule in the liquid state calculated from the Debye equation from the 
observed values of e 0 and e*. the dielectric constant of the liquid for fields of 
zero and infinite frequencies respectively, do not generally agree with the 
values observed in the case of the respective vapours. Attempts have been 
made by Onsagar (1936) and Kirkwood (1939) to modify the Debye equation, 
taking into account the influence of intermolecular field so that the values 
of p calculated from the modified equations may agree with those observed 
for the vapour. In the region of very high frequencies certain polar liquids 
exhibit absorption and the dielectric constant «* is complex due to the 
presence of a relaxation time t which should be given by the Debye equation 


u* — 


“f* “ 




1 + iBu»r ’ 


... (l) 


Actually, however, it is observed that in the case of many liquids 
equation (i) cannot explain the complex dielectric constant for different 
frequencies if a suitable fixed value of t is assumed in equation (i). To 
overcome this di ffi culty existence of a distribution in the relaxation time in 
such cases has been assumed. In order to take into account the distribution 
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of relaxation time Cole and Cole (1941) suggested the following empirical 
expression for the complex dielectric constant 


— - 


I + (iwrj 1 -'* 


( 2 ) 


where r () is the most probable relaxation time corresponding to a frequency 
at which the absorption is maximum and 7 is the empirical constant with 
values between o and 1. 

Henelly, Heston and Smyth (1948) observed that in the case of certain 
alkyl bromides such as octyl bromide etc., there is a distribution of 
relaxation time, « being greater than zero. Franklin ei al (1950) have 
discussed the values of « for certain alkyl halides dissolved in different 
solvents and have shown that 7 has a value different from zero in the case 
of solutions in certain solvents, but in some other cases 7 is zero. 

Branin and Smyth (1952) have pointed out that in the arc plot with 
W — a) / (^o — « J as abscissa and «"/(<?„ — «(*) as the ordinate, where ^ and 
are defined by the equation e*=se' — tV', the following expressions can be 
assumed to take account of the distribution of relaxation time 






fc’ 


0 


b 'o. 



G (t)cIt 
1 4 g) 2 t 2 

air G 1 t) dr 

1 + 0>V 


(3) 


where (7 (7) is a function of r. Two forms of the function, the Cole and 
Cole function (1941) and the Wagner-Yager (1936) function have been 
discussed and compared with experimental results by these authors. 

It is the object of the presenCpaper to point out that results of investiga- 
tions on the absorption of IT. H. F. and microwaves reported by Sen 
(1950, 1951), Kastha (1952) and Ghosh (1953a, 1953b) indicate the presence 
of several discrete values of r in the case of some of the liquids studied 
by them and that in calculating the complex dielectric constant in such 
cases these discrete values of r should be taken into account instead of a 
distribution given by the 17 -function. It has also been pointed out by 
Ghosh (1953) that new absorption maxima due to dimers appear in some 
cases only when the liquids are cooled down to low temperatures. In 
such cases, therefore, a single value of r should explain the observed 
dielectric constant for different frequencies at higher temperatures. 
This is corroborated by the results reported by Hennelly, Heston and 
Smyth (1948) who observed that the value of « in Cole and Cole equation 
is small in the case of certain liquids and it diminishes almost to zero with 
rise of temperature of the liquids. Some of these liquids are f-propyl bromide, 
i- butyl bromide, chlorobenzene, bromobenzene, ethylene chloride etc. 
These facts clearly indicate that the agents which are responsible for the 
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deviation from Debye equation at lower temperatures tend to disappear at 
higher temperatures. These agents are evidently dimers which are present 
in the liquid in considerable proportions at lower temperatures and gradually 
break up into monomers at higher temperatures, as observed in the case of 
many liquids by Sen (1950, 1951), Kastha (1952) and Ghosh (1953(1). 

DIFFICULTIES WITH D I S T R I 1 * V T I O N 0 V 
K EL A X A r r O N 'I' I M R T H R ORY 

The Cole and Cole empirical relation would explain the observed facts 
satisfactorily if a distribution of relaxation time dependent only on tempera- 
ture and consequently on the viscosity of the liquid were present in the 
liquid. As pointed out above, actually, more than one discrete relaxation 
time, instead of a continuous distribution, are observed in many cases at any 
particular temperature. Hence although the empirical equation can explain 
the dielectric constant of the liquid for different frequencies with a suitably 
adjusted value of « for each temperature, the value of A„,, the wave length 
showing maximum absorption at each temperature, deduced from the Cole 
and Cole equation may not agree with the actual value observed by the 
method of direct determination of absorption coefficient of Ihe liquid for 
different frequencies. It can be seen from a comparison of the two sets of 
values given in Table I that such a discrepancy actually occurs in some cases. 


Tani.e I 



! 

| A ))( do d tired from Cole j 

a„, actuallv observed bv 

biquid 

Temperature 

j and Cole equation 

din et method (<»hosli, 

(Tlcnnelly ct al, iqjN) 

1 1 


Chlorobenzene 

25 *C 

( 

1.94 cm 

3h-5 ciu 

Bromobenzene 

i°C 

4 . 53 Cin 

34 5 cm 


The absorption peak at 36.5 cm observed by Ghosh (19 53 <*) is assumed 
by him to be due to dimers and that due to monomers should, of course, be 
at a smaller wave length, but the consistent value of A„, due to the inonomei 
deduced from that for the dimer is about 2* cm, and it cannot be so small 
as 1.94 cm deduced from Cole and Cole equation. In the case of broino- 
benzene at o°C the peak observed at 34.5 cm (Ghosh, 1953a) has been 
assumed to be due to a monomer. So the value 4.53 cm deduced by Hennolly 
et al (1948) from Cole and Cole equation is much too low. It has further 
been observed by Ghosh (1953c) that hromobenzene does not show any 

absorption maximum for the wave length 3.18 cm in the tempeiature range 

o°-8o°C, and therefore, the A m deduced by Hennelly ct al (1948) from 
Cole and Cole equation is not actually observed. Similar discrepancies have 
also been observed in the case of ethylene chloride and ethylene bromide by 

Ghosh (1953b)* 
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APPLICABILITY OF DEBYK’S THEORY IN PRESENCE 
OF BOTH MONOMERS AND DIMERS IN THE 

LIQUID 

It has to be pointed out that the values of the radius of the rotor 
have been calculated so far by previous authors from Debye's theory on 
the assumption that there is only one type of rotor in the liquid. As actually 
both monomers and dimers are present in the liquid, it is not possible to 
obtain the accurate value of r from the relation 


*±2 j^_ 

o + 2 * <?«r 


( 4 ) 


unless the relative concentration of the monomers and dimers and their 
contributions to and e*, are known and equation (4) is suitably modified 
to take into account these contributions. If f 1 and f 2 be the mole fractions 
of the single and double molecules respectively the equation for the complex 
dielectric constant e given by Debye (1929) can be modified in the case of 
a mixture assuming Mosotti’s hypothesis to hold. The modified equation 
for the mixture becomes 


1 

* + 2 “ 


M/j + M'f 2 
P 


= P 1 (w)/ 1 + P2M/2 


(5) 


where 



1 + iu>r 


r + ho t*. 


a o> /*. M and r are respectively the polarisability, permanent electric moment, 
molecular weight and relaxation time of the single molecule and a 0 ', jjl\ M' 
and r' are the corresponding quantities for the dimer. Let the quantities 
«o» «oo» and for the monometric and dimeric molecules respectively be 
defined as follows according to Debye (1929) : — 


«Q-I M _4 eE(i + fl * 
«„ + 2 ’ \ 0 3 kT 


s' - 1 M! = 4 'rfL{z , + 

V+2 p‘ 3 \ 3 kT 

( 6 ) 

*•'* + 2 


ML nN 

+ 2 p' j 

Here <- 0 and are the dielectric constants of the liquid containing only 
monomeric molecules, for frequencies zero and infinity respectively and e 0 
and «*>' are the corresponding quantities for the liquid coutainting only 
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dimeric molecules, and p and />' are the corresponding densities of the liquids. 
Then from 1 5) and (6) we get, 

/ iP ,(«->) + / 2 / > 2 (<.») = -° °~ 1 . y,M +^ 11 . /«**' 

««o+2 p + 3 /»' 

+ M/i ( «.-* _ \ _i + m'/J v- x _«•;-! \ i , } 

P \ € o + 2 ^ + 2 liquor p' \e*'-f -2 eoo '-+-2 'i + tW' ' 

If it is now assumed that «» = ««' = n 2 , where n is the refractive index 
of the actual liquid containing both monomeric and dimeric molecules and 
that p = p', we get, 

fJ\M -* /,P,(w) = 1 . (My, + A/ f 2 ) + S . f “ 1 - 1 V 1 

l> >r + 2 P \ f «> + 2 " +2 11 +1 


+ tuir 


M'f, / «,'-i _ »i 2 -i 


+ s it 3 4*2 /i +twr / 


( 8 ) 


Prom (5) we get. 


I "h .j. M'j % {Pi^l/i ^ 


1 ~ 'm 7 T+ m' 7, ,p * ( " w ' + 

From (8) and (9) we get, 

1 + 2 (n 2 — i ) + 2 M/j 1 / ^0 1 _ « a - 1 \ 

n 3 + 2 A//, + A/'/a ^r + ia*r» \ *• „ 4- 2 «* + 2 / 

* 

+ _ SA/'/j I_ / “_1 _ ” 2 1 

M/j + M'/a (1 + io>r')\ * 0 ' 4 - 2 n' + 2 


(9) 


€=• 


n 3 - i _ M/, _J / gq- 1 _ »! - I ] 
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When Af = M', f l = / 2 and r = r , equation (io) reduces to the following: 
form : 


_?* + 

fcoc 

iu>r 

«(. + 2 

fe'oo + 2 


1 ■ + 

I 

iiDT 

♦••u + 2 

<■** + 2 


liquation fn) is the well known Debye equation for the dielectric 
constant of the liquid having only one type of molecules. The condition for 
maximum absorption deduced by Debye (1929) from (11) is given by the 
relation 


<»r 


*--x <- 2 
«« + 2 



[is; 


As equation (xo) is more complicated than equation (n), the simple 
condition for the maximum absorption Riven in ^12) cannot be deduced 
from (10). Hence it is clear that the value of r deduced from (12) in the 
case of a mixture of monomeric and dimeric molecules cannot be accurate. 
In certain cases, however, it is found that equation (is) gives some values 
of t which lead to values of volume of the rotors agreeing with those of the 
dimers calculated from the density. Chlorobenzene, o-xylene and w-xylene 
are such substances. As reported by Ghosh (1953a), the absorption peaks 
due to the dimers in these cases are exhibited in the range 500 — 900 Mc/sec 
at different temperatures and those due to the single molecules may be 
observed at still higher frequencies. 

ft is unlikely that all the molecules in any of these liquids are dimers. 
The validity of equation (12) in these cases probably indicates that the 
absorption coefficient in the neighbourhood of the frequency of maximum 
absorption is determined predominantly by that frequency of maximum 
absorption, the influence of the other frequency of maximum absorption due 
to single molecules being negligible. Also, the values of e 0 for the two 
types of molecules should not differ widely from each other if we want to 
get any reliable value of r from equation (12). This condition may be 
satisfied in the case of all the three molecules mentioned above, because the 
dielectric constant being low in all there cases, the contribution of the 
permanent electric moment to the dielectric constant is not very great and 
it may not change very much with the fortnation of dimers. 


VISCOUS FORCES ACTING ON THE MOLECULES IN 

polar LIQUIDS 

It has been pointed out by many previous authors that the volume of 
the rotor calculated from the relation r =47r»;a 3 /feT, where >/ is the viscosity 
of the liquid, does not agree in many cases with the volume of the molecule 
calculated from the density of the liquid. For instance, Whiffen and 
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Thompson (1946) observed that in the case of solution of chloroform in 
heptane the volume calculated from Debye’s equation is too small. The 
results obtained recently by Ghosh (1953b) in the case of pure chloroform, 
ethylene chloride and glycerine in the liquid state also lead to the same 
conclusion. Whiffen and Thompson suggested that the discrepancy is due 
to the fact that internal viscosity acting on the polar molecule is different 
from the macroscopic viscosity. It has to be pointed out, however, that the 
macroscopic viscosity leads to correct value of the volume of the molecule in 
in many pure liquids such as chlorobenzene, bromobenzene etc., (Ghosh, 
1953a). The discrepancy is actually enormous in the case of liquids having 
high macroscopic viscosity, such as glycerine. This may be due to the fact 
that in such liquids there is strong association among neighbouring 
molecules. Each group ot associated molecules being large in volume, the 
macroscopic viscosity is large, as the rate of flow is determined predominant- 
ly by the flow of the large groups. There may be, however, many single 
molecules in the liquid not strongly associated with their neighbours and 
these may orient freely along external electric field. The viscous forces 
acting on these molecules during the orientation are much smaller owing to 
want of association with neighbouring molecules. As the volume of the 
rotor is inversely proportional to >} according to Debye’s equation, the 
volume calculated with the smaller value of v will be much larger than that 
calculated taking the macroscopic viscosity in place of 

In the case of other liquids having smaller coefficient of viscosity the 
discrepancy between the calculated value of the volume of the rotor and the 
actual volume of the molecule, deduced from density, may be due to two 
causes. As pointed out earlier, if the liquid contains both monomeric and 
dimeric molecules, the value of r calculated from Debye’s equation is not 
correct and so the volume of the rotor deduced from the value of r cannot 
be correct. In the case of solution, presence of dimers is ruled out and the 
discrepancy is obviously due to the difference between the actual viscous 
force acting on the molecule during orientation and the macroscopic 
viscosity. The viscosity ot heptane, for instance, is determined by the 
viscous forces acting on the long heptane molecule when it moves in t 
liquid. The chloroform molecule being almost spherical and much smaller, 
the viscous forces acting on it during its orientation when it is dissolved in 
heptane are much smaller than the macroscopic viscosity of pure heptane. 
If this smaller viscous force be taken into account in calculating the volume 
of the rotor, the volume will come out much larger than that deduced by 
Whiffen and Thompson (1946) assuming >, to be equal to the macroscopic 
viscosity of heptane. It is difficult, however, to measure the actual viscous 
forces acting on the chloroform molecule when it is dissolved in heptane. 
In the case of such a solution of simple molecules in liquids of low viscosity 
if the value of r and the volume of the molecule calculated from its density 
are taken in calculating the value of n from Debye’s equation probably the 
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‘internal’ viscous forces acting on the dissolved molecule can be roughly 
estimated. 
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ABSTRACT. A preliminary investigation on the use of the scintillation counter as a 
gamma ray spectrometer has been reported here, using the 01 game crvstal stilbene and 
the 1P28 photomultiplier tube Pulse height distribution curves have been obtained for the 
Co®® source with a thin lead radiator and a thin aluminium foil respectively. Co®° emits 
two gamma rays of energies 1.17 and 1.33 Mev. ; an attempt has been made to explain 
the formation of the peaks in the distribution curves in the light of the ditierent processes 
through which gamma rays lose energy in the crystal material ; the positions of the peaks 
agree well with the positions expected from theoretical considerations The results have 
been discussed with mentions of the reports of different workers in this line. The elec- 
tronic circuits and the experimental arrangements designed for the , present purp >se have 
been described in detail 


introd uc tion 


The scintillation counter has proved to be an extremely useful and 
efficient tool for the detection of nuclear ladiations. The investigations on 
the proportional behaviour of the scintillation counter (that is, the propor- 
tionality between the energy of the incident radiation and the light output 
from the phosphor) have opened up another important field of application of 
this type of counter. Different workers have successfully utilised the pro- 
portional behaviour of the scintillation counters in measuring the energies 
of beta and gamma radiations. Such a device is designated as a scintillation 


The principle of a scintillation spectrometer will be best followed by 
recapitulating the different ways through which gamma rays lose energy m 
the crystal material. When gamma rays impinge on the crystal they may 
interact with the crystal by three processes, namely (i; photo-electric e ec 
(n) Compton effect and (Hi) pair production, 'lhe relative importance of 
the different processes will ultimately depend on the nature of the consli uen 
elements of the crystal and the energies of the incident radiations. 

The photo-electric effect is more pronounced for heavy element, end et 

“"^e^'rXtbmrof Compton scattering decreeses with energy and in- 
creases' with electron density 1 this effect is predominant ,n all nt.ten.ls below 

about 5 MeV . 


2— 1832P— If 
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The third process, namely pair-production, cannot occur with a quantum 
energy less than 1.02 MeV and its cross section increases with energy, giving 
large contribution to energy loss for energies of gamma rays, greater than 
10 MeV, and with elements of high atomic number for energies above 5 MeV. 

In organic crystals like anthracene, stilbene, naphthalene etc., the 
constituent elements are light and hence for them Compton effect is most 
predominant. For a monochromatic beam of gamma ray of energy E y , 
the maximum energy E e of Compton electrons released is given by 

1 £ c = E y — - 7 - - where F 0 = self energy of electron =0.511 MeV. 

I +K0/2 Ey 

The number of recoil electrons reaches a maximum at greatest energy 
and then there is a sharp fall. Hence by measuring the energy of the peak 
points in the pulse height distribution curve, gamma ray energies can be 
easily calculated. 

In inorganic crystals, such as Nal(Tl) or K 1 (T 1 ) containing elements of 
higher atomic number, the photo-electric and pair-production processes have 
appreciable cross section. These processes result in more well-defined peaks 
in the pulse height distribution curves. 

PREVIOUS WORKS ANI) RESULTS: 

Karlier contributions in the development of the scintillation spectrometer 
were made by workers like Jordan and Bell (1949), Hofstadter and McIntyre 
(1950), Pringle, et al (r95o), Johansson (1950) and Bell and Cassidy (1950). 

Jordan and Bell (1949) reported the use of a scintillation gamma ray 
spectrometer using anthracene crystal and 1P21 tube. The accuracy of their 
results was checked with a similar set of data from a lens spectrometer and 
the agreement was remarkably well. 

Hofstadter and McIntyre (1950) have made extensive experiments on 
gamma ray scintillation spectrometers with a number of sources emitting 
one or more gamma rays of different energies and using Nal(Tl) as the 
scintillator. Figure 1 shows the pulse height distribution curve obtained by 
them using Co 60 source and 0.5 inch cube of Nal(Tl) crystal. They have 
also calculated the theoretical pulse distribution curves for different gamma 
ray energies and have found experimental evidence for the reality of the 
curves. More accurate and unique measurements of energy have also been 
reported by them (1950) using the combination of two crystals in coincidence. 
The tesolution obtained by these workers is claimed to be about ^ to -Jo of 
that in a good /8-ray spectrograph. 

Johannson (1950J has also usedNal(Tl) phosphor in combination with 
1P21 tubes for the measurement of beta and gamma energies. Maienschein 
and Bair (1951) reported a three-crystal scintillation coincidence spectrometer 
with Nal(Tl) crystal which proves to be very useful in unique measurements 
of gamma energies above 1.5 MeV. We have made, in our laboratory a 
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Fig. i 


preliminary investigation on the uve of the scintillation counter as a gamma 
ray spectrometer. The experiments have been pci formed using the organic 
crystal stilbene in conjunction with a 1P2S photomultiplier tube. Inorganic 
crystals in transparent form and of appreciable size wcie not available to us. 

TiXPERlMHNTAL ARRANti K M E N T AN 1) 1) IC TAILS 

'I he experimental arrangement and the circuit diagrams are shown in 
figure 2 . The photomultiplier tube IP) is enclosed in alight-tight chambci 

** TABtLt&lO 



Fig. 2 


painted black inside. The sample under investigation is mounted on a 
holder and is fixed within the chamber so as to give a constant spacing and 
geometry of the source relative to the phosphor. The phosphor used is a 
transparent stilbene crystal of dimensions -J x f x $», covered with a very thin 
aluminium foil which serves the purpose of a light reflector- The spectral 
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response of 1P28 tube has been found to be well matched to the fluorescence 
emission characteristics of the stilbeue crystal used. 1P28 tubes exhibit 
maximum response in the neighbourhood of 4000 A. 

Pulses from the anode of the photomultiplier are amplified by a three- 
staged degenerative feedback amplifier (figure 2). The amplifier has a gain 
80 and a band-width of 5 Mc/s. The negative pulses from the amplifier are 
inverted by V, (6AK5), and are allowed finally to trigger the discriminator. 
The discriminator, circuit, made of F 6 (6J6), is a plate-coupled multivibrator 
triggered only by positive pulses. The coupling between the inverter V t and 
the multivibrator is made by a diode l’ s (6H6). The plate voltage of F a is 
the same as that of the anode voltage of F 4 , while its cathode voltage may 
be continuously varied. The cathode of 6H6 is always positive with respect 
to its anode making 6H6 normally non-conducting. ( )nly the positive pulses 
above a pre-determined amplitude at the anode of F* make it conducting and 
can trigger the multivibrator P 6 . By changing cathode voltage of 
F # , pulses of different minimum amplitudes are sorted out to trigger 
the multivibrator. For every value of the cathode voltage of 6H6, the differ- 
ence between the anode and the cathode voltage of 6H6 has been calibrated 
by a valve voltmeter. The grid bias of 6J6 is supplied from 9- volt dry 
batteries. The discriminator bias can be converted into the corresponding 
minimum pulse height from the relation, 

x-V em + (V ff -V t ) 

where F co = the voltage difference between the cathode and the anode 
of 6H6. 

V B = grid voltage of 6J6. 

F*= the voltage of the grid of 6J6 at which the multivibrator just 
starts to oscillate. 

The negative pulses from the discriminator operate the standard laboratory 
scaler of 128 and are finally recorded in a mechanical register. 

Highly stabilised power supplies were used for the electronic recording 
circuits and the counter. The A.C. mains supply was also stabilised by a 
magnetic stabilisher. The stabilised H.V. circuit for the scintillation 
counters is a new one developed by us and is lepresented in figure 3. The 
stabilisation has been measured and the variations have been found to be less 
than o.x volt in 1200 volts. 

The experiments performed with a Co 60 source, which emits two gamma 
rays of energies 1.17 MeV and 1.33 MeV consisted of observing the 
number of pulses recorded per minute for each setting of the 6H6 cathode 
voltage. 

Integral bias curves were taken under two conditions, namely (a) with a 
thin aluminium foil interposed between the source and the phosphor and ( b ) 
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Fig. 3 

with a thin lead sheet of 1/16 inches (0.159 cm) thickness inserted in between 
the source and the phosphor. Figures 4 (a) and 4(h) give the corresponding 
derivative curves, obtained by plotting AN/ AV as a function of the pulse 
height On volts) where A\\ AN denote the change in the bias voltage and 
the corresponding change in the counting rate respectively. The points 
of maximum slope in the integral curves give rise to sharp maxima in the 
derivative curves. The positions of the peaks in the derivative curves offer a 
means of determining the energies of the gamma rays emitted from the 
source. The integral curves were drawn deducting the background counts 
at each point. Figures 4(a) and 4(h) thus represent the true pulse height 



Fig. 4(d) 
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distribution curves, and it can be shown that 40 volts in the voltage scale 
corresponds to one Mev energy. 

RRSULTS A N L> DISC U S S I O N 

Altogether five peaks appear in figure 4 ( b ). Actually however we should 
expect to get six peaks in this distribution curve and they occur in the 
following way. 

The crystal chosen by us is an organic one and so Co* 0 gamma rays lose 
energy in the crystal primarily through Compton process. The maximum 
energies of Compton electrons for 117 MeV and 1.33 MeV gamma rays are 
calculated to be 0.96 MeV and 1.11 MeV respectively. The Pb-sheet was 
interposed between the source and the phosphor as a radiator to obtain the 
photo-electrons in lead. The energies of photo-electrons from lead due to Co* 0 
gamma rays will be the energies of gamma rays less the binding energy of 
electrons in the K* shells. Two cases may arise then; when the accompany- 
ing X-rays enter the crystal simultaneously with the photo-electrons, we shall 
get the peaks at the full energies of the gamma rays, that is, at 1.17 MeV and 
1 '33 MeV. On the other hand, during photo-electric process, some of the 
accompanying K X-radiation of lead may escape from the other surface of lead 
and these do not enter the crystal. Since K-shell binding energy of lead is 
about 84 KeV, the energy of photo-electrons produced will be about (1.17— .08) 
= 1.09 MeV and (1.33-.081 = 1.25 Mey respectively, and they will give rise to 
the formation of the so-called ‘ escape peaks ’. 

Summing up the above considerations, we would expect to obtain six 
peaks, namely, those at 0.96 MeV, 1.09 MeV, 1.1 MeV, x.17 MeV, 1.25 MeV 
and 1.33 MeV. The limit of resolution of the present system will not 
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allow the two peaks at 1.09 MeV and 1.1 MeV to be shown separated; so 
they coincide and we get ultimately five peaks as shown in figure 4 ((>). 

The appeal ence of the escape peaks in scintillation counters has been 
reported by West, et al (1951). More recently, Graham, ct al (1952) also 
obtained the * escape peaks ’ in their pulse height distribution curves taken 
with scintillation counters. 

West et al (1951) and also Graham, cl al (1952) performed their experi- 
ments with the inorganic Nal (Til crystal and naturally therefore, the 
' escape peaks ’ are attributed to be due to the escape of the K -Xrays of 
iodine from the surface of the crystal itself. The escape peaks are reported 
to be situated at energies 28 KeV (Graham, et al, 1952) and 33 KeV lower 
than the incident photon energies (West, ct al, 1050), where 28 KeV (or 33 
KeV) is taken to be the K-shell binding energy of iodine. 

In figure 4(a>, the distribution curve is obtained by placing a thin Al-foil 
in front of the crystal and the source being covered with a bakelite sheet so 
as just to cut off the .3 MeV (i - ray from Co* n . Four peaks are found to he 
formed ; the first and the third one appear at pulse heights exactly corres- 
ponding to 0.96 MeV and t.i MeV respectively aud they are identified to 
be due to Compton recoil electrons produced by the two Co Bn gamma rays 
in the Al-foil and in the crystal material. The other two peaks are attri- 
buted to be due to the internally converted electrons from the two gamma 
rays of Co 00 . Their energies should be very nearly equal to the energies of 
the gamma rays (since K„ X-ray energy for Ni 60 is -8.3 KeV). Actually, in 
figure 4(a), the peaks due to internally converted electrons seem to be slight- 
ly shifted towards the lower energy region and the peaks correspond to 
energy values 1 03 MeV and 1.2 MeV respectively. The reason of these 
shifts may be sought in the fact that while passing through the thickness 
of the bakelite sheet and the Al-foil (total thickness of which comes out of 
the order of 70 mgm/cm 5 ) the internal conversion elections lose a part of 
their energies which results in the displacements of the maxima in the curve 
towards the lower energy region. From range-energy data compiled by 
Evans (1947) the thickness of material required to bring about this change 
in the maximum energy values (namely from 1.17 MeV to 1.03 MeV and 
from 1.33 MeV to 1.2 MeV) are of the order of 75 mgm/cm 2 and 70 
mgra/cm 2 respectively. These figures agree reasonably well with the actual 
thickness interposed between the source and the crystal. 

The detection efficiency for the conversion electrons is 100% with the 
present arrangement. Hence, though the internal con\ ersion co-efficients 
are fairly low, it can be shown that quite an appreciable number of conver- 
sion electrons are detectable with a source of the order of microcurie strength. 

For an inorganic crystal made of heavier elements, the photo-electric 
effect is a predominant factor and the peaks due to internally converted 
electrons and those due to the photo-electrons are situated very close together 
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so that it is rather difficult to distinguish one from the other. But the case 
is different for an organic crystal where the constituent elements are lighter 
and the photo-electric effect (for gamma ray energies of the order of I MeY> 
is rather negligibly small to compete with the detection of the internally con- 
verted electrons, if any. So for the detection of internal conversion electrons, 
this fact seems to show a distinct superiority of an organic crystal over an 
inorganic one. 

The over-all efficiency of the counter system can be expressed in terms 
of its ‘figure of merit’ which is the ratio of the amount of energy lost 
by a particle to the number of photo-electrons collected thereby. In the 
present case, the figure of merit has been calculated following the method 
used by Hopkins (1950) and is roughly estimated to be 1.5 KeV per photo- 
electron. The ‘figure of merit’ reported by different workers, using 
different photomultiplier tubes and different types of crystal ranges from 
o'66 KeV per photo-electron to 2 KeV per photo-electron (Hofstadter and 
McIntyre, 1950 ; Hopkins, 1950; West, cl al, 1951 ). 

A thorough investigation on the correlation between the energy of the 
incident radiation and the pulse-height produced thereby as also the 
study of the linear reponse of several inorganic and organic crystals to 
different beta and gamma ray energies are in progress. 
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ABSTRACT. A rigorous theory has heeu given for the limit of interference in Luinmer 
Gehrcke plate, transmission and reflection echelons and the grating on the lines of Saha’s 
treatment for Pabry-Perol interferometer. 


INTRODUCTION 

The theory of the limit of interference in optical instruments has been 
worked out by Lippich (1870), Sell' >11 rock (igo6) and Rayleigh (1915). They 
have shown that when the pressure is small, the critical distance D (or the 
limit of interference/ is connected by the following formula with the 
wavelength A of light, the temperature T of the tube and mass M of the 
emission centres. 


D 

A 


= A 



(1) 


However, their value of A was deduced from approximate and not 
altogether satisfactory theoretical considerations. Saha (1Q17) gave a 
rigorous solution for the case of Fabry-Perot interferometer taking into 
account the infinite number of interfering beams and the effect of reflection. 
Gilchrist (1926) has discussed the case of Lummer Gehrcke plate but has 
neglected the term 40* sin 2 (TVS/s), thereby getting the same result as Saha. 
In the present communication a rigorous theory has been developed for the 
cases of Lummer Gehrcke plate, transmission and reflection echelons and 
the grating. 


DEDUCTION OF THE PORMU hM 


The general expression for intensity in case of the above mentioned 
instruments is given by 


(1 - a N ) 2 + 4 a 3 ? s in 3 (N&h) 

(7 — a) 4 + 4& sin *(8/2) 


where 



A is the path difference between two consecutive interfering beams. 
N is the number of interfering beams. 


3— 1832P— 10 
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and a is equal to 

(t) Re~ k t B06r in case of Luuuner Gehrcke Plate (Sodha, 1952). 

R — reflection coefficient 
k' = intensity absorption coefficient. 
t— thickness of plate 
r= angle of refraction. 

(ii) in case of Transmission echelon (Sodha, 1953) 

k' = intensity absorption coefficient 
t ~ height of the step of the echelon 
(Hi) 1 in case of reflection echelon 
(iv) 1 in case of grating. 

The number of pat tides having their velocity between v and v + dv is 
Ac~ Bv ' dv, and the frequency of radiation emitted by these particles is v(i + v/c) 
where v is the frequency of light emitted by the particles at rest. In the 
expression for retardation in phase, we must, therefore, replace \ by 

A/^i + - ) and write ^1 + ^ ) in place of . 


The intensity of light emitted by molecules having their velocity 
between v and v + dv is 

(1 — a N ) 3 + 4 <i n sin 2 i — (i+r/c)\ 

dl = B. L 2 .. .c-^dv ... (3) 

(1 — a) a + 4a sin 2 1 '8/ 2) (1 + v/c ) } 

The total intensity 


+ " 5 (i — a N ) 2 + 4d N sin*! ^ (i+u/c) j 

I-B I _ 2 :.e-**'dv 

_oo (1 — a) 2 + 4a sin*{(8/2)(i + v/c)} 


We have by trigonometric expansion 


I — CL 


(i — 2a cos 8 + a 2 ) 
Further, we have 


= 1 + 2a cos 8 + 2a 2 cos 28 + ... 


VJU 

J e~ pv 'dv sin —o 

—00 ^ 

'j e-^dv cos n& c - =yj~-e~^ n ^ 

The integral (4) can be broken up into two integrals. 

+ ® e-fto'dv 


Fiist integral = B(i — a v ) ! 


f 

— a) 2 + 44 sin 2 1 “ {i+vjc)} 


(4) 

■■ (5) 

... (0 

... (7) 
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= B(i-a N )* J 


c P n 'dv 

-00 1 — 2 U COS $( 1 + J 4* a“ 




73 ( t — v ” — 

— 2 — ~\!~a 1 + 2 ija’c * 1 ' 1 IP)(*«h'Y co& lift 

[ — a V /j 


( 8 ) 


by using ( 5 ), ( 6 ) and ( 7 ). 


.Second integral — 4 iia v / 


sill 


N& 




1—2(1 COB J + ^ 

„ - „/ . r\| . , 


4 * « " 


n, + „S„- «,»« (, + * y ( sin- f (, + ■ ), -Jr 

= f sin » NS (, + * 

I — a* J 2 \ r / 

4- 2 f^ 1 " cos ^ ^ siir 4* ^ ^c~( jL *dv 


4 Ba N 
1 — a 2 


!/{.- 


cos N 8 I 


\c-* r ’dv 


+ ^a“ J cos h^i t ‘ ^|i-cosN^i+ ^ 

= .4®°. 1 fe~ f,l ’dv — £ [ cos N?> 

1 — a" J J 

+ 4 / sin N 8 sin N ^c~^“dv i 2 a" J cos ««(i + ^e'^dv 
— 2a" / cos»i(/i + ^ cos (Vf/i + '^c~' 1 ‘ dv 


cos r 1 civ 

c 


4 Ba N 


1 — a 


iy/i L - 4 COS c- a rwfv,. /.r + Sa - cos t.8^1 ' e -fW^r«.WO- 


- 12 a" /cos (N + n)g(x+ ^)e~^‘dv 

— £Sa" / cos (N-«) 8 (i + -j)e-*’*dv "j 
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= -& 2 lL iyjl ~i-J ~cos NBe ~ ni ^' Vf '<>’ + \l ~ 2 a’ cos n« 0 -»» '«■»/«>■ 
i~a * p * p y p 

-*2 a* cos(JV + «)8^e- (I ^ ) { W+B,5/ t 

-42a" cos (N-n)Sy!^ e~ u /«{<»-»)•/•}■ 

Hence the total expression for intensity is 
7 = B. - (l ~°T \I 4 [ 1 + 2 2 a"e- (J /»«/')’ cos n« 1 


I=B. \j |^i + 22a"e- (J {»«/')• cos n8 J 

+ —————jr \!~ I -cos N8 e"< J '>'+ 2 2 a' cos n8 e -d /«<•*/'>• 

i — & 2 * /3 

u 

- 2 a" cos (AT + »)8 /*>{<*+»>*/•}• - 2 a n cos (N-ti)S e" 0 /*>{(*-•■)*/«}" 


I will be maximum, when — = war or 8— 2W7r 

2 


/ will be minimum, when — = ( 2 m + i) — or 8=(2 w + iJ<t 

2 2 

n- Bii-a N ) 2 In , T . 2 Ba N In . 


Putting /? = \ a and £=- v \/ -5- and neglecting higher 

1 — a* » p 1 — a" > p 

terms in ae' (1 ^ )(s ^ ) ’and because — (i// 3 )(S/c) 2 ~ io K and a^i, 

we have 

/max = D[l+2ac- <, /« (S ^> , ] + £[l + 2aC-' 1 //0(S/r)-_ a .V-l e -U//J)( f / i r)* 

— a* — fl w+i e -u /flit*/.)*] 

/miu = D [ I - 2ae - (1 / « <*- f >* ] + £ [ I - 2af - ( 1 / r)- + a v-i e - 0 / /i) ( S / ..)■ 

_ a N +a A' + 3 p -(l /0)(« /«•)'] 

Hence the visibility 

*s ^ ma x / niin 
/max *t“ / min 

_ D^qg-^ f t ) , + £[ 4 qp-< 1 /ffH«/^) , - 2 g v - I c~ (1 ^ )( ^ <!) '— 2a w+1 e~° /^)< f / e /-*] 


2.D + 2£ — 2 E. a w 


= 2 ae-l 1 <W°'> 


,f ,- a w-» 

1 - a 2 * 


... (11) 


Now 
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m- weight of radiant atoms in gins. 
fe= Boltzmann constant 
T- temperature in absolute scale. 

Then we have 


I / 2~A 

!i\ Xc 



L-a w 

i 



(i) lyUmmer Gelircke plate: Putting a-Re ~ rt B< "' r in expression ^ 1 2), wc get : 

A _ c l m , 2Rc~*'' PBc7 rr- ' -I 

A 27 T * 2 kT ° 8e K [ I -RW'c-m'tvT J (l3) 

(it) Transmission echelon : a=e ~ ,!>tl 2 

(14) 

<t 5 ) 
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ON THE GENERATION OF HIGH INTENSITY ULTRASONIC 
ENERGY AND MEASUREMENT OF THE OUTPUT 
POWER DENSITY OF A QUARTZ CRYSTAL * 

By T. C. BHADRA 

Bosk Institute, Calcutta-ij 
(Received for publication April 6, 1953) 

Plate XIX 

ABSTRACT. An account of the measurement of the output power of a piezo-electric 
quartz crystal is given. The determination of the power output by a calorimetric substitu- 
tion method is described. An output of 42.2 watts /cm 2 for the quartz crystal, has been 
attained at a frequency of 1000 kc / s. 


I N T Ii ODUCTION 

The increasingly wide range of applications of ultrasonics in various 
fields necessitates an accurate knowledge of the density of output ultrasonic 
energy. Accordingly, the attention of many workers, in this line, has 
been drawn on the necessity of measuring the maximum power density 
attainable from a quartz ultrasonic generator, operating at resonance. Un- 
fortunately, there exists an incompatability in the results of the various 
workers in this subject. Richard (1939) reported that at an output of the 
order of 3 watts/cm 2 , the crystal was shattered. For a pretty long time, 10 
watts/cm 3 was considered to be the maximum power attainable from a quartz 
crystal. Recently, however, Wood and L,oomis (1927) reported a ceiling 
value of about 35 watts/cm 2 while Epstein, Anderson and Harden's (1947) 
value is as high as 43 watts/ cm 2 . Richard used a crystal 5 cm in diameter 
and an electrical input of about 200 watts. In the present experiment, a 
crystal having 6.25 sq. cm. in area and 0.287 cm. in thickness did not break 
even with an electrical input of the order of 500 watts. It appears from the 
present experiment that more electrical power can be given to the crystal 
without the attending risk of mechanical break-down, provided that the 
dielectric strength of the medium surrounding the crystal does not yield 
under the electrical pressure. In fact, the maximum power that can be 
radiated by the crystal transducer without shattering the crystal, depends 
more upon the system of mounting, oscillation frequency and the physical 
properties of the medium surrounding the crystal. 

* Communicated by Dr. D. M. Bose 
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By suitable design of the crystal 
below, power level of 42.2 watts/cnr has 


holder and other factors as described 
been obtained. 


theoretical 


C O N S,I L> E R \ T I O N E O R 

tower density 


M A X I M D M 


Many worker, .tlribated the crystal I, reek-town t„ the intensity vilns 
tion 1. e. mechanical failure the crystal. Bn. eo„„,„,a, „ " ,^01 c 
eonsunts of qnartr. and the surround^ median, shows ,„a, X -“ 

fe of tto S lrd° Pe T' ,S: . ,n ° n ' ”" l,er 01 <fei, s ity 

cr o to watts,cnr before the mechanical breakdown of (he 

quartz crystal sets ,n. The expression for the power density in an nnidireo 
tional plane wave, as given by Morse (1936), i 


1 ~ iPoV fi \ nv iiEtu.ixf 2 R )] 2 

where A —amplitude of the wave, 

d~ thickness of the quartz crystal, 
i'i = velocity of sound in quartz, 
p 0 = density of the medium, 

1^0 = velocity of sound in the medium, 

E~ Young 's modulus, 


^max — Break-down tensile strength along the direction of the applied 
stress. 

Substituting the values of the constants obtained from the International 
Critical Table, Tm ax comes out to be of the order of jo 1 watts/cm 2 . There- 
fore, it is obvious that the cause of the break-down of the quartz crystal is to 
be sought in the electrical rather than in the elastic properties of the system. 
The dielectric strength of quartz is much higher than that of the surround- 
ing medium. When the break-down occurs in the oil, intense localised heat 
in the resulting arc deposits carbonaceous substances and establishes a 
short-circuiting path between the electrodes. This factor produces uneven 
strains in the crystal and causes its ultimate break down. Moreover, for 
X-cut crystal with air backing, and functioning at resonance, the power 
density expression as given by Cady, may be written in the following way : 

Tmux ~ 20 2 j 1 [ i / p 0 Vo ( V / $ood) 0 ] crg/sec~cm a ... (2) 


where F^peak voltage applied across the crystal thickness d. 

e u = Piezoelectric stress coefficient of the quartz = 5. 2 x to 4 C. G. S. 
units, 

p 0 = density of the medium, 

velocity of sound in the medium. 


This formula indicates that T mar for any given medium is indepedent 
of frequency, on the assumption that the dielectric strength of the medium 
is independent of the frequency of the applied electrical power and of the 
thickness of the sample. Actually, the dielectric strength of the oil is not 
a true constant. It is dependent both on frequency and on thickness. So 
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the variation of (V/d) max with thickness and frequency may be expressed 
approximately according to the following relation : 

(Vld) m * t =(Vld) 0 e~** ... (3) 

where (F/d) 0 and <x are constants depending on the nature of the medium 
dimensions, and test electrodes. Combining (2) and (3) and expressing d 
in terms of frequency v by the relation v=v l /2d f where v x is the velocity 
of sound in quartz, the expression for power density may be written in the 
following way : 

Ttxh** — 2e 2 ^ , [ 1 Ip 0 Vq(V 1 3ood) o 0~‘ ir ' ^ ] erg/sec -cm* ... ^4) 

It has been experimentally shown by Epstein, Anderson, and Harden 
(1947) that T man tends to the maximum value of about 814 watts as v tends to 
infinity. Substituting the values of p 0 and t; 0 of transformer oil used in the 
present experiment, and taking the maximum value of V/d as experimentally 
determined, T mu * comes out to be of the order of 50S watts/ cm 2 for v = c> *. 

EXPERIMENTAL DESCRIPTION 
1. Ultrasonic Generator : 

A single high power valve (Osram MTg) was used to generate the radio- 
frequency voltage. The circuit used was of the conventional Hartely type. 
The Q value of the coil, used in the tank circuit, was kept high. D. C. 
high voltage was obtained from a half-wave rectifier unit, equipped with 
suitable filtre system. The schematic detail of the circuit, shown in the 
diagram, is self explanatory (figure 1). 



The crystal transducer was connected directly across the lank circuit. It 
was mounted at the centre of the bottom of a thick-walled cylindrical glass 
vessel containing about 8 liters of transformer oil. At resonant frequency, 
the amplitude of vibration of the crystal was maximum which was 

* The value of V/d for the particular transformer oil used in the present investigation 
was found experimentally to be 10.5 kv/cm, the value of ft and v 0 being .90 g/cm 9 and 
z.41 x to* cm/sec respectively. 


HADRA 


PLATE XIX 



Im'r. 2 

Photograph of the exnruniental set-up 



F«/3 

Photograph of the fountain formed in th< 
oil medium at resonance frequency 
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simultaneously indicated by the h*,<rUt- e ^ 

medium Jcf. figure 3), and the - 3 * * & °,. the lomUain formed in the oil 

meter inirted fu u, e reudi„ s of ,he r. f . 

A photograph of the aetttal s e ,-„„ is shorn, it , , fiK „ re p|ate x , x 

2. Crystal transducer : 


An X-cut quartz crystal having 6 >c s „ „ m . f 

its *effecU ve° area !" ^,^ 17 "7 °- ° f " ,e 

were used, air. an •ir.tetW^ 



Fig. 4 

In both the cases, one face of the crystal was in direct contact with the 
liquid in which the crystal transducer was placed. The electrodes used for the 
application of high voltage to the faces of the crystal were polished with fine 
emery powder, so as to maintain good electrical contact. The areas of the 
electrodes weie made smaller than that of the crystal, in order to increase 
the length of the insulated path between the two electrodes. Kdges of the 
crystal were rounded off. The thickness of the lead block was about some 
multiple of quarter wavelength. 


3. Power measurement : 


A mechanical stirrer fitted with a series of propeller blades and opera* 

ting at 400 r. p. m., churned the oil bath which was simultaneously heated 

by an immersion heater with 500 watts rating. Two thermometers recorded 
the actual temperature of the oil bath and the rate of rise of its temperature. 
For the latter purpose, a Beckmann thermometer to read temperature within 
i/rooth of a degree, was used. The immersion heater was used to calibrate 
the oil bath, but it was left inside the vessel permanently for maintaining 
4— 1833P— 10 
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TEMPERATURE RISE AS FUNCTION OF TIME WITH A IOOO Kefs 
CRYSTAL X AND HEATER SUPPLYING ROWER. 


Fjg. 5 

the heat capacity of the system unchanged during the period of measure- 
ments. The input power given to the heater was measured by means of 
substandard voltmeter and ammeter, with a range of accuracy of ±4%. 
While the stirrer was operating* and the crystal oscillating, the rise of 
temperature was measured by means of the Beckmann thermometer at 
intervals of 30 seconds. 


K V, S V I, T S 

A mean graph was drawn with the rise of temperature against the time 
interval. The plot was linear and passed through the origin. The slope of 
the plot was taken to be the measure of the rate of rise of temperature i e., 
AT /At, where AT represents the difference of temperature during the 
interval of time At. Similai giaphs were drawn (figure 5} when the crystal 
was not oscillating, but the stirrer was operating, for different input power 
applied to the immersion heater. In each case AT / At was found out from 
the mean graph. Finally, another mean graph (figure 6) was plotted with 
AT/ At against the input power to the heater. This plot was also linear 
and passed through the origin. From this graph the corresponding value 
of the power for AT /At of the crystal was found out. This power was 
taken as the average output power of the piezo-electric quartz crystal. By 
linear interpolation, the total output power comes out to be 190.0 watts, 
with a probable error of ± 5 watts. Effective area being 4.50 sq. cm. the 
power output per sq. cm. is 43.3 watts. 
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Table I gives the results of measurements for a heater and also for a 
1000 kc/s quartz crystal, diiveii by 500 watts r. f. energy. * 

Figures. 5 and 6 depict the corresponding graphs. 


Tahi.k I 


Room temperature was kept constant within ±.t°C 


No. 

Source 

1 A 77 At dec. /sec | 

Po*er i\V) 

Output ultrasonic 




pt>v\ lt (watt /cm 2 ) 

1 

Heater 

1 0 683 

2 16.0 


2 

do 

0 50 

150.0 


3 

do 

o..W3 

g'l.O 


4 

do 

0 .12 

73 5 


5 

Crystal 

t* (>0 

it) ) 0 ( 4 roni 

42.2 



SLOPE OF TEMP -T/tff CURVE AS f UNCTION OF POWER 
OUTPUT . 

THE READING OF THf- POINT "C' G'VES THE POWER OUTPUT 
OF THE CRYSTAL AT tOOO Hc/S ABOUT 100*0 W 

Fh; 6 


i) 1 s t' r s s 1 (ins 

The maximum ultrasonic power density T obtained in the present 

. . „i i„ than the theoretical value computed trom 

experiment is considerably lower than tnc me 

the electrical and mechanical properties ot qua. U. 1 he ' aluL of te ‘ 

well with that experimentally obtained by Rpste.u, Amlersou and Harden 
(1047) but it is higher than that obtained by other previous workers, a has 
beeij possible .o obtain the value of 4^ watts/cm’ in ll.e oxpnn- 

, Th , jn „, „ L . power I' to the oscillating valve was calculated ironi the product of 

y , 1 L.T. I.. C pl.fe potential -n> e.sured I- » -taeles 

/ = 13 . C. plate current of the valve-72 raA 
r , __ t/ v / — to kv x 72 mA - 720 watts 

Taking^ "the Efficiency of the Cass V osHHator vatve to he 7 o%. the , f . power was 
calculated to be 504 watts 
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ineni, chiefly by the improvement made in the design of the crystal holder. 
But the transformer oil used did not conform with the specification of an 
ideal dielectric medium. In fact, the percentage of moisture content in the 
oil was rather high making it impossible to inject sufficiently high voltage 
between the two electrodes of the crystal. Thus, it is apparent that in the 
generation of high intensity ultrasonic energy, transformer oil used as an 
insulating medium plays an important role. If the dielectric strength of the 
medium is improved, one can inject higher voltage to the crystal, resulting 
in higher output of ultrasonic energy. 

The efficiency of conversion of the present system is about 3<S%, the 
remaining 62% being lost in the matching network and elsewhere. In the 
present experiment it is assumed that the ultrasonic energy generated in the 
thick-walled glass vessel is entirely confined to the vessel and practically 
there is no transmission of ultrasonic energy outside the vessel. The energy 
thus measured is assumed to be total energy. However, this is not strictly 
correct, because ultrasonic energy forms only a pait of the total energy. In 
the present experiment, the rate of rise of the temperature of the oil bath 
due to the absorption of ultrasonic energy generated by using air backing 
type or lead block backing type crystal holder was found practicably the 
same, so the results are not shown separately. The efficiency of the lead 
block type crystal holder was increased by adjusting the thickness of the 
block by trial and error to some multiple of quarter wavelength. Further 
work is being carried out to resolve the existing discrepancy in the value of 
the pow’er density obtained experimentally and that calculated from 
theoretical considerations. 

SOMK INCIDENTAL OBSBRVATIONvS IN CONNEC- 
TION WITH P O W E R MEASURE M E N T S 

x. The crystal was replaced by a glass plate of the same dimension as 
that of the crystal. On the application of the r. f. voltage between the 
electrodes, the glass plate shattered immediately even when there was no 
break-down of the insulating oil. However, a quartz plate, cut in an 
arbitrary manner, did not break but acted as a dielectric medium between 
electrodes. The r. f. current through this quartz plate was less than that 
flowing through the X-cut crystal, while operating at resonance ; the current 
through the X-cut plate at resonant condition being 0.40A, while 
the maximum current through the other plate was 0.15A. No 
appreciable rise of temperature was noticed in the latter case. It may, 
therefore, be concluded that the conti ibution of the r. f. current in raising 
the temperature of the bath, during the measurements, is negligible. 

2. At resonant frequency, the crystal vibrated at its maximum 
amplitude. The height of the fountain formed at this condition was about 
8 cm but some of the oil droplets attained a height of about 25 cm. A 
photograph of the fountain is shown in figure 3. It was also noticed that 
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when L/C ratio of the lank circuit was high, the cross section of the foun- 
tain was smaller but the ultrasonic beam was more directive. With low 
value of L/C ratio, practically no formation of fountain was observed. But 
when the L/C ratio was kept at some intermediate value, the cross section 
of the fountain increased accompanied by a great agitation in the oil bath. 

3. A long narrow glass tube with flat bottom and containing a steel 
ball about 1 nun in diameter in water medium, was held vertically on the 
fountain head. The ball was elevated to a height of about 30 ems. against 
gravity. It was, however, found that the height through which the ball 
was pushed through was not the same when the tube was held near the face 
of the crystal, the place of maximum ultrasonic intensity 

4. The temperature of the scattered droplets of the oil fountain was 
found subjectively to be much higher than that of the oil bath. 

The phenomena described in (3) and (4) are evidently manifestations of 
the conversion of the radiant ultrasonic energy traversing the liquid medium 
at the liquid-air boundary surface into kinetic energy of motion. A further 
discussion of these and the allied phenomena will form the subject matter 
of a subsequent communication. 
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CALCULATION OF THE EXCITED LEVELS OF INDENE 

By S. RAMAMURTY 

DEPARTMENT OK MATHEMATICAL l'HYSICS, AndHKA UnIVEKSITY, WaLTAIR 
( Received foi publication, ’u/y, 7, tgy. 5) 

ABSTRACT The energy of the excited levels of itidenc is calculated by the method 
of auti-svnnnetrised Molecular Orbitals. TIic observed band system at 2 152A is assigned 
to a M] - blj transition. The results of the M.O and the A O methods of tieatntent 
are compared. 


I N T K O I) I' C Tit) N 

It may be generally stated that the concept of unique election con- 
figuration is valid fot molecules also. This electron configuration is 
assigned for a given molecule by two methods usually called the Atomic 
Orbital (A.O.) and the Molecular Orbital (M.O. 1 methods. In the first 
method, a molecule is treated as compounded of several atoms and ions. 
The electron configuration is made up of the electron configurations of the 
different atoms. The wavefunctions of the molecule are written down as 
products of atomic orbitals (A.O.’s) — one electron wavefunctions in atoms. 
Energy values are then obtained by a variation method, as the roots of a 
secular equation. In the second method, the molecule is treated, as far 
as possible, as a unit. The wavefunction of the molecule is written down 
as (anti-symmetrised) product of a set of molecular orbitals (M.t).’s). These 
are solutions of Schroedinger’s equation for an electron in the field due 
to the nuclei and all other electrons, [n practice, this equation cannot be 
solved. The M.O.’s are written as linear combinations of a complete set of 
functions. This set might well be the A.O.’s of any one of the atoms of the 
molecule. But the difficulty, in this case is that the M.O.’s thus constructed 
converge too slowly. The use of orbitals of all the atoms of the molecule 
leads to better convergence. M.O.’s thus constructed as linear combinations 
of the A.O.’s of the concerned atoms, are called the L.C.A O. forms of the 
M.O.’s. Having thus assigned the electron configuration, the calculation 
of energy levels was carried out on the basis of the theorem that the value 
of energy in a state 0 is l<p*H(j>dT, H being the Hamiltonian. 

The A.O. method has been employed by Viswanath 1 1953) recently 
to calculate the energy levels of indene. Excited levels are predicted 
with energy values 3.84, 8.25, 105.67 eV above the ground level. All the 
levels conform to singlet symmetrical states X A. In benzene and other 
molecules, the M.O. method is sometimes stated to give a better approxi- 
mation than the A.O. method (Longuet-Higgins, 19481. The purpose 
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of this paper is to apply the second, antisymmetrised molecular orbital 
method to the in dene molecule. The treatment of the problem is similar 
to that followed by ( »oeppurt- Mayer and Sk'ar (1038) for benzene. The 
results are presented, in detail, in the following sections. A brief preliminary 
report has been published in Current Science** (Ramamurty, 1053b 

A NA LYTIC \ h P A k 1* 

1 he structure of indene is shown in figuic t. The molecule belongs 
to the symmetry group C*. In indene (as in benzene) only the 2pn 





Fig. i 

electrons are spectroscopically active and hence only the molecular states 
of these electrons need be considered. These have a node in the plane 
of the molecule. There are eight 2 pn elections in indene, as was assumed 
by Viswanath in the A A), calculations previously. The same assumption 
is made here also. The numbering of the elections is shown above. 

Representing the electrons by Greek letteis (tanging from 1 to 8) 
and the 2p?r eigenfunction on the frth atom by Kiv) banging iiom I to VIII) 
and taking these to be positive on the same side of the indene plane, the 
molecular orbitals employed in this work are 

8 

*)> 7 = — l— H K(v) 

V ^ <r / A = 1 

with / = o, ±i, ±2, ±3, 4. (T i^s are normalising factors. Kvidently 
0z, have the same energy ib, Kiy). Also neglecting oveilap integrals 
and integrals over products of non-neighbouring A.O.’s, the eneigy of the 
<P' 1 ’ s rises with i / 

The energy of the molecule is lowest if the eight elections are distributed 
in 0o. 0i, 0-i, 0s two in each. The eigenfunction for the whole molecule 
is therefore 

0 (1 = 0 ..(i) 0 .. f 2 ) 0 ,( 3 ) 0 ^ 4 ) 0 -/.s) 0 -i W0O7 > 0 s( 8 >. 

The excited levels arise by a <p 2 electron jumping into 0.,, 0 -n or <tu- They are 
0 „ ! j» 0 o ( 2 ) 0 i > 3101 - 4 ) 0-1 (5)0-1 | f>) 0 3 ( 7 > 0 » , 8 ) 

0.,(l)0o(2'0, (3)01(4)0- 1 (5)0-1 ( fi.0s(7'0-sft') 

0o(i)0o (2)01 (3)01 (4)0 l (5*0-1 ( b )0s'7)04( ! '')- 
All states belong to the symmetry type A x . 
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These must be multiplied by the appropriate spin factors. If two 
electrons are in the same M.O., they must have opposite spins. Thus for 
the ground state, the spin factor is 

bor the excited levels the (f> 2 , <p 2 or the <p 2 , or the <P 2 , electrons may 
have their spins opposed or parallel- In the first case, the spin factor must be 
anti-symmetric and is 

L *(i)^'2l*(3)j9(4)a(5)^(6;[*(7)/i(8) -*(8)^(7)]. 

V' 2 

In the second case, the spin factor must he symmetric ; there are three 
of them and these are 

*(i)/i(2)*(3i/?(4 1* (51/3(6) *(7>«(8) 
i )/3'2p(3)/3(4)a(5)/3(6)/?(7)/3(8) 

1 ®(i)/3(a)*(3)/8(4)»(5)/8(6)[»f 7 )*f&) +j8( 7 )/3(8)]. 

V 2 

In the first case, the states are said to be singlets. In the second case, they 
are said to be triplets. As we neglect in our calculation the spin-01 bit 
interaction, the triplet will not be separated. 

The totally anti-symmetrised wavefunction is then obtained by 
multiplying the orbital with the spin factor and applying the anti- 
symmetrising operator. Thus the anti-symmetrised wavefunction of the 
ground state is 

^0=* 1 2( — l) p P^, 1 (iy < />o(2)^ 1 (3)f/> 1 t4)^>_i(5)0_ 1 (6)0 2 (7)0 2 (8) 

V8! 

a(i)/3(3)a(3)/3(4)(*»5)fl6)*(7)/3(8). 

The energy of the state is then equal to the sum of the energies of the 
separate M.O.’s and the energy due to the interaction of the electrons. The 
latter has the potential 

H ,. 2 
H (1, = 2 ' 

v-J rv/t 
« < v 

The energy of the ground state is thus 

2*0 + 4 K i + 2e a + f<L'„*H a) * u dT. 

The integral expressing the average value of H n> can be expanded in terms 
of two types of integrals, viz., 

.>»*=■ f f 6 |$>iM| 2 |0/'(/r) fdT.dr,, 

J J TVfl 

8ii»= f f C ~ 

J J rvfi 
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1 lie energies including the electronic interaction for the ground state and 
the excited singlet and triplet levels are 

k - n + 4 f i ^ 2*' , 4 yo o 1" 8yo i t 470,2 + 6yi,j +■ Syj, i + ■y^.a 

4^o,l ““ 2^0,2 ‘ 2^|, - i — 2^1,2 “ 

( 0 2 >* 0 ., / 4 , , 2 **o + «-,+►.,+ 7 m, ii + S Vn i 4 - 270.2 + 270.0 4 * 6 yi .1 

*"47i,2 + V71.0 + 7-? *> “ l^o.i — ^o •> — 2^1, 1 — .*» 

— ^1,2 ^ l rt “ $ - I , t t <+, t 

(0., > 0-*)/i« =2^, + •>„ * *\ f 70.11 + 870 1 -f- 270 .2 } 270. ,* -I Pyt 1 

+ 47i, 2 + 471. - •! + yj, -:i * 4?»o,i - 80,2 fin. - — 2^1 -1 

rti ,»> — ^ _ | .» — £] — 8 _ 1 f ;> + «i 

(02 ^ 0i) h ~~ 2 r n 1" + Ct + 70,0 + 870.1 + 270.2 + 270.1 H (Sy 1 , 1 

+ 471, •> + 471,1 + 72a - 4^11.1 - 80,2 “ — 2^1, 1 

— fS ( ,*> — ^ -1,2 ”^1,1 ^—1.1 + h«i, 1 

(02 — ^ 0 h) h t — 2^0 + 4* i + **\> + *\» + 7(».o 4* 870,1 + 270,2 + 270 0 t- Pyi.i 

+ 47J.2 + 4 >'1,0 1 7*221-4^0,1—^0,2 - V‘i - .^1. 1 

~~ ^1.2 ~~ 1 .* — ^ 1 , \ ~ & - 1 — 82,1 

■02 — t — 2*4, + 1 f, i +fo + e a -t 70,0 t- 871,0 + 270.2 + 2>o 4 h8, , 

+ 471.2 + 471 , m t" 72r» 4^ i — 80 2 — <W, — 2^1 1 

~^i t 2 - 8- 1.2 — S|,-:i — $>- 

^0^ — > </> t )R f = 2 r „ + 4<-*i H #• J -H r, + 70 0 + 870.1 I* 270.2 + 270.1 + 671,1 

+ 471.2 + 47M + 72, 1 — 4 »o, ( — So ,o — S ()1 — 2^1, . 1 

Sj,o j o S1.1 — S_j t — 1 . 

g indicates ground state ; s, singlet and t , triplet state 


n v m re Rica t, cucr h a t tons 


The integral y’s and 8’s over M. < >.’s are expressed in terms of integrals 
over A, (Vs by using the Huckel type ort>itals written above. 

First of all, the normalising factors «-, ’s arc determined by the following 


equation : 


<r 



2iri Ik 
~8 


_ 2 nilh 

K(i')Sc H K(v)dr, 


= i[s + (1 2 COS + 2 cos 5 * Z ).S, + ( 1 2 cos +4 cos xl ).S 2 


+ (s cos 

Where S,= JI(v)II(v»dr„ 5 2 = Jlfv)lll(v}dr,, .S 3 = JI(v)IV(w)d*-, and overlap 
integrals over electrons r. a. 3, 4 on the one hand and 7. 8 on the other are 

neglected. 

5— 1832P — 10 
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Next, the expansions of integrals yw , 8/r , will contain the following 
types of integrals : 

Ak~ [ f ° \ 2 {v)(K 4- i) 9 (/i)dr v dr #l 

J J rvfi 

B~ f f ° l 2 (v)l(fi)IHfi)dr v dT t 
J J rvfi 

L — f f 1 - l(v)ll(v)Un)lHfi)dr v dT H 
J J ivfi 

Interaction between electrons which are partially on atoms which are not 


closest neigbboui s 

as also between electrons i, 

2 , 3 , 4 on the one hand 

and 7 , 8 on the othei 
Lastly, we have 

■ are neglected. 


«,-/ ,v 

2 itilh 


Zc H K(y)(T + II 0 ) ’ — 

-Sr 8 fxfylrfr,. 

J s/ 8 <r 

/ 8 <T, 


= / f 

I ( .’) ( T + H „ ) { 8 I ( v) + ( 2 cos 5 ' t/ 

4 1 2 cos 4 ^ )n(»d 

Srr ; J 

l \ 4 

4 ' 

+ ^4 cos i 

l/ + 12 COS 1 T, )llf(v)+( 2 COS ^ 

4 8 cos — ^IV(v) jdr v 


where T is the kinetic energy and II „ the potential energy. Neglecting the 
effect of hydrogen atoms completely 

H „ = 2 Hk 

where Hk is the potential of the attraction of the kih carbon nucleus and 
of the repulsion of the other five electrons on the /ctli nucleus. Obviously, 
Hk is the difference between the potential of a neutral carbon atom Hk and 
the potential of a 2 pn electron, 

Hk=Hk- ( c * K’irfdrr 
J rvfJL 

Also as /v(v) is a 2 pn eigenfunction, 

(T + H B )K(v) = W 2t >KU') 

wbere IV 2/ , is the energy of a 2 p level in carbon atom in a valence state. 
Bearing this in mind and substituting for H n as above, two new kinds of 
integrals arise in the expression of < i namely, 

HMU*(v)dr t . 

and R= - f H a (v)I(v)II(v)dr„. 

All interaction between non-neighbours is neglected. Then 
*' " V8«- 


8<r J — 8(2(3 + 2/1 1 + iA t + A a ) - f 2 COS -+12 008*1 }(JR + B)| 

V A A 
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Calculation of the Excited Levels of Indene 

Assuming the C = C distance in indene to be i 39 A i.e. equal to that 
in benzene, the values of the integrals S lt S 2% S 3f J„, A u A Sf A 3t B, C, Q, R 
can be taken over from the benzene calculations of Goeppert-Mayer and 
Sklar (1938). The energy levels of indene, relative to the ground level, 
are obtained to be o, o 36, 3.89, 8 30, 10.615, 10.628, u.82. 

The energy levels are shown in figure 2. It is clear from it that the 
observed band system at 2052A arise* fiom a jump A 1 ~ 3 A , 1 i.c. , 

from to a singlet to tiiplet transition. Such transitions are highly probable 
in complex molecu’es 'Kasha, 1950). 

C V. Level Transition 

'A, <*.,) 


10 628 
10.6 15 


8*30 


’ A - * 4 ) 

'A, 0*) 

'A, 


ft. c* 5 A 

1 

O- 36 

. • 1 

v * 1 8 7 A 

(23S2 A) 

S A 

O O 

'A 


5 a, (0 — 0,) 




Fig. 2 

Comparing tbe result? of A.O. and M.O. calculations, they Kivu nearly 
the same values for lower excited levels. The lower excited level at 0.36 eV, 
however, does not appear in the A.O- treatment. The M.O. method gives 
even in respect of lower excited levels a better approximation to the 
experimental values, for indene by 40A. Also the M.O. method enables 

us to calculate the energy levels state by state, taking the group-theoretical 

aspect also into account in the calculation itself. Further, the M O. method 
is clear as to the multiplicity and symmetry character of the state. 


s TT M M A R V 

The energy levels of indene have been calculated by the method of 
anti-symmetrised molecular orbitals In applying this method the following 

assumptions have been made 

x. The molecule has eight 2 h' electrons. 

2. Huckel type M.O. forms are used 

2 jt»/ /» 

sT&O-i 
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3. Interaction between electrons partially on non-neighbouring atoms 

as also between electrons 1, 2, 3, 4 on the one hand and 7, 8 on 
the other have been neglected. Kffect of hydrogen atoms and 
spin-orbit interaction is also neglected. 

4. The C = C distance in indenc is taken as 1.39&. 

Reckoning from the ground state the energy levels are obtained to be 0, 
0.36, 3.89, 8.39, 10.615, 10.628, 11.82 eV. The observed band system at 
2952A should arise, according to this treatment, from the ground state to 
a triplet excited level. 
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ON THE ABSORPTION MAXIMA EXHIBITED BY SOME 
ORGANIC LIQUIDS IN THE MICROWAVE REGION. I * 

By DIIJP KUMAR GIIOSH 

Optics Pkpartmknt, In wav Association hok Tin- Cultivation ok Scii-vck, Calcutta 32 
(Received for publication t Septenibct n, igfi) 

ABSTRACT ' Flic Absorption of 3 iS cm. microwaves in chloroform, etlnicnc chloride, 
ethylene bromide and glvoerine at different temperatures lias been studied bv the 
direct method avoiding formation of standing waves. A maximum in the absorption- 
temperature curve has been exhibited bv each of the four liquids The temperatures 
for maximum absorption are -/J3 0 C, -in* C, 21 0 C and j >>° C for chloroform, ethvlene 
chloride, ethylene bromide and glycerine respectively. It is pointed out that the values 
of A*,, the wave length corresponding to the maximum absorption calculated bv 
previous workers from the Cole and Cole empirical relation on the assumption of the 
existence of a distribution of relaxation time do not a K ree villi the values observed 
bv the direct method in the present investigation. It is further pointed out that actuals 
different discrete values of the relaxation lime, moie than one in number, are present in 
most of the liquids, instead of a continuous distribution of relaxation time assumed in 
Cole and Cole empirical relation. 

The radius of the rotor calculated from Debye’s equation comes out to. be too 
low in all the four eases and the reasons for this discrepancy have been discussed. 

IN'I’kOP r C T I o N 

The dielectric constant of many organic liquids in solution 

for two different frequencies in the microwave region has been 

investigated by Whiff en and Thompson Hr n 6 a) and from the 
experimental value of tan *, the loss tangent, the value of 

the relaxation time has t.eeu determined ,n each case with the help 
of the Debye equation. Whiffen and Thompson (1046M also found out 
the value of fan * for cm. waves in the case of pure mxylene 

and p-cymene at different temperatures and also 111 ic 
solutions of a few organic compound, in heptane at 
ranging from those below the freezing points of Ihc 1 ■ 

about their boiling points Heston, Henuelly and hn.pt (.*« • - 

the other hand, measured the dielectric constant of . tab 
of organic halogen compounds for ,.27 cm. in.crowavcs at four different 

tiennei y, . f , p o]e anc ] Cole equation (1Q41) deduced 

Pr 0 bable tlTZ' "X n o< th: existence of a distribution of 
rehtxatioii time. It was, however, observed recently (Ghosh, i«S 3 > 
some * 1 of the liquids studied by the authors ment.oned almve exhtbtt 

* Comtmicated by Prof. S. C. Sirkar 
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absorption maxima in the range 500-920 Mc/sec at suitable temperatures, 
and at other temperatures the absorption was found to be negligible in 

this regien. Also, the radius of the rotor calculated from Debye's 

theory indicated that the rotor in some of the cases is a ditner. These facts 
indicated that instead of a continuous distribution of relaxation time over 
wide limits only two or three discrete values are to be taken into account 
in these cases. This has been pointed out recently by Sirkar (1953)- As the 
absorption due to single molecules was expected to be observed m the 
microwave region in the case of some liquids having simple molecules, 
it was thought worthwhile to determine by the optical method the 
temperatures at which maximum absorption of 3.18 cm. microwaves are 
exhibited by these liquids and to find out the value of r and the radius of 
the rotor from Debye's theory. In such a method it is not necessary to 

use any empirical 1 elation like the Cole and Cole equation, as has been 

done by the previous workers mentioned above. '1 lie preliminary results 
observed in the case of chloroform, ethylene chloride, ethylene bromide 
and glycerine are reported in this paper. 


E X P E RIME N T A h 

A klystron oscillator of type 723 A-B was used as the source of 
microwaves, the power being derived from dry batteries. The frequency of 
oscillations used was 9415 Mc/sec and it was measured with a eallibrated 
reaction type cavity wavemeter. The absorption of the radio waves coming 
out through a wave guide cut open at a distance of about 14 cm. from 
the tuning plunger and of cross section 2 3 cm * 1 cm was studied by 
optical method. For the detection of the transmitted waves another wave 
guide and a matched crystal detector were used as shown in figure 1. 



D 


hit it eg aide 


Battery 


723A/S 

Oscillator 


Sample of 
liquid 


Matched 

Crystal 

fait 
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Fig. t 

It was first observed that even when a thin glass plate was placed 
between the two wave guides after the positions of the plungers had been 
adjusted for maximum current in the detecting microammeter, reflection of 
waves at the glass plate occurred for certain distances of the plate from 
the open end of the transmitting wave guide, but for certain other 
distances full transmission of the waves through the glass plate was 
observed. It was also observed that the distance between successive positions 
of the glass plate for which the transmission was maximum was about A/a, 
where A is the wave length of the microwaves in air. It was thus evident 
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d,5ta,, ^ e ,H-twet;I1 (,K ' Klass plate and tuniiifi plunger was 
p c o / 2, stationary waves were formed and there was very little 

T/TT , 7*" " ,iS «>■« distances er.ua. 

to aA/a + X/4 there was no reflection at the surfaces of the R lass plate. 

When a glass cell with a distance ot , cm between inner surface, was 
1 ace etween the two transmitting and receiving wave guides the 
transmission through the glass wails of the cell was not cent per cent for 
any position oi the cell. When, however, the cell was filled with benzene, 
full transmission was observed for certain distance of the cell from the end of 
the transmitting wave guide. This arrangement was, Iheiefore, used for 
observing the maximum absorption in the liquids studied in the present 
investigation. Incidentally, it might he pointed out that the assumption 
made by Whiffen and Thompson (1046) that the icflectiou at the mica walls 
of the cell used by them is identical both for the empty cell and 
for the cell filled with the liquid is probably not correct. 

The liquids studied are chloroform, ethylene chloride, ethylene bromide 
and glycerine of chemically pure quality. They were purchased from IJ. S. A. 
and they were all distilled in vacuum after proper dehydration. In order 
to study the absorption at different temperatures the cell filled with the liquid 
was placed in baths at different tempci attires and when the liquid attained 
the temperature of the bath the cell was taken out and its outer surfaces 
were cleaned. I he cell was then placed between the wave guides and its 
distance from the open end ot the transmitting wave guide was adjusted till 
maximum deflection in the detecting circuit was observed. The temperature 
of the liquid was measured just befoie starting this adjustment. The ratio 
of the curient in the delecting ciicuit observed with the cell filled with the 
liquid placed in its position and that observed with the cell removed was 
noted for different temperatures of tin* liquid. The reflection at the glass- 
liquid interface was thus neglected in this method. Preliminary results 
obtained with chloroform and ethylene bromide at high tempci atures clearly 
showed that reflection at glass-liquid intei faces was negligible, because there 
was full transmission through the liquids at certain temperatures. 


U li S it L T S \ \ 1 ) DISCUSSIONS 


The valuesof apparent absorption coefficient, weie calculated from the 


relation. 



where x is the thickness of the liquid, / is the observed maximum current 
in the microarnmeter in the detecting crystal circuit with the liquid absorber 
in its position and / 0 the current with the cell icmoved. The values of /* 
have been plotted against the temperature of the liquid in figures 2, 3 and 4. 
It can be seen from the figures that as the temperature of the liquid increases 
from a certain low value, the value of fx gradually increases and after attaining 
a maximum at a particular temperatuie, it diminishes again. In the case 
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of chloroform at 35°C and ethylene bromide at 7o°C the transmission is cent 
per cent. Since dielectric constant changes from 6.12 to 4.4 in the case of 
chloroform with change of temperature of the liquid from — 45°C to 35°C 
and in the case of ethylene bromide the dielectric constant is almost constant 
throughout the range from 21 X to 7o°C, it is quite evident that the change in 
dielectric constant of the liquid cannot be responsible for the change in the 
absorption coefficient w bich takes place with the change of temperature of 
the liquid. This is further corroborated by the results obtained with gly- 
cerine It is observed that when the tempeiature of pure glycerine free from 
water is raised from i7°C up to 2oo°C the value of gradually increases and 
after attaining a very large value in the range 8o°C to I20°C, it dimin.shes 
again, although the value of dielectric constant gradually diminishes with 
the rise of temperature of the liquid. The results shown in figures 2, 3, 4 and 
5 show that the value of A m , the wave length for maximum absorption exhi- 
bited by the liquids at the particular temperature is 3.1S cm. 'lliis wave 
length is thus determined directly in the piesent investigation. 1 lie values 
of r at the respective temperatures of maximum absorption which have been 
calculated from Debye's theory from the relation, 

, __ «.. + 2 

:,,r 1 \i . > 

where o> is the angular frequency at the maximum absorption, and are 



Temperature ** & 


Bthyleue chloride 

Fig. 2 
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Rthylcm.* bromide 


Fig. 3 



Chloroform 

Fig. 4 

dielectric constants for infinite frequency and zero frequency respectively, are 
given in Table T. 

The value of v are obtained by extrapolation from the results reported 
in Handbook of Chemistry and Physics published by Chemical Rubber 
Publishing Co The values of »> for glycerine at temperatures above 3 o°C 

are taken from the results reported by Vand (1947)- The value of has 
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been obtained from the table of dielectric constant of pure liquids published 
by National Bureau of Standards, United States, Department of Commerce. 
The value of has been assumed to be equal to the square of n, the refrac- 
tive index at 20°C for sodium I)-liue, because the values of w at lower 
temperatures were not available. The values of radius of the rotors 
calculated from Debye’s theory aie also given in Table 1 . 

Table I 

10/2^ = 9415 Me/ sec 


Liquid 

7'°K for 
max. 

1 absorption 

n 

*0 

j TXIO 11 

V X 1 00 

flXio 8 cm 

Chloroform 


i 

0.12 j 

2.094 

1.455 

1.12 

1.478 

Kthylene 
c hloride 

1 

i 

12.7 | 

2.084 

1 .16 

1.2 

1.405 

1 

Kthylene 

bromide 

i 

-9'l 

4.8 j 

2.364 

J-545 

i-7 

1 429 


Ethylene chloride and Ethylene bromide : 


The values of A W| the wave length for maximum absorption exhibited 
by the liquids at the particular temperature as deduced by Hennelly, Heston 
and Smyth (1948) for ethylene chloride and ethylene bromide applying the 
empirical relation suggested by Cole and Cole (1941) on the assumption of 
the presence of distribution of relaxation time r are compared with the 
value obtained by the optical method in the present investigation in Table II. 


Table II 


; 

i 

Present author 

Hennelly ei al (1948) 

Liquid 





Kthylene | 

Temperature 

! 

! 

A m in cm 

Temperature 

A m in cm 

chloride j 

l 

— io°C 

3.18 

1*C 

1.83 

Kthylene j 





btomide 

2l°C 

318 

25 ’C 

2.18 


The value of \ m deduced from Cole and Cole equation in the case, of 
ethylene chloride at i°C is 1.83 cm and this will lead to a value 2.16 cm 
at — xo°C if the change in viscosity with temperature is taken into considera- 
tion. The value observed directly in the present investigation, however, is 
3.1S cms. Similarly, in the case of ethylene bromide at 25*C the value of 
A m deduced by the previous authors is 2.18 cms and the value observed by 
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the direct method in the present investigation is 3.1S cms at 2i°C. Thus it 
is evident that the empirical relation mentioned above leads to wrong value 
of Therefore, the inndamental assumption that there is a continuous 

distribution of r in these liquids is not quite correct as pointed out by 
Sirkar (1953). 

Chloroform : 

I11 the case of chloroform solution in heptane at — Whiflen and 
Thompson (1946) found the value of t to be equal to 7.4 x uT r ~ sec. The 
viscosity of heptane at tins temperature, i\$ extrapolated from the values at 
higher temperatures, is 0.7 centipoise and the viscosity of chloroform at this 
temperature is 1.12. lienee the value of r in pure ehloiofonn at — 4 5 0 C 
deduced from the values of the solution in heptane at the same temperature 
is 1. 18 x Kf 11 sec. This does not differ much from the value 1.45 x io~ n sec 
obtained in the present investigation. 


50 



Temperature in *C ► 

( t 1\ ferine 

Fit;. 5 

Glycerine : 

Jt can be seen from figure 5 that the value of 7 0 // im reuses with 
temperature till it reaches enormously high values beyond 8o°C and it begins 
to diminish again beyond about xoo°C. Thus the value of A,„ for glycerine 
at about ioo°C is 3.18 cm. Previous authors (Misaishima, 1928, Sirkar and 
Sen, 1949) observed that glycerine at about 31 °C shows absorption peak at 
about 60 cms. Since the viscosity of glycerine at 31 °C is very high, being 629 
centipoise the value of the radius of the rotor calculated from these data from 
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Debye equation conies out to be of the order of 0.4 x io~ 8 cms. The value is 
obviously too small to correspond to even a small part of the molecule. The 
radius of the rotor calculated similarly with the help of tj for ioo°C observed in 
the present investigation is about 0.6 x ro“ 8 cms This value also is too low. 
The high value of viscosity is evidently responsible for these discrepancies 
because as the viscosity decreases to one tenth of its value with the change 
from 31 °C to ioo°C the discrepancy also is reduced to some extent. The 
cause for this discrepancy has been discussed by Sirkar (1953) in another 
paper. 

It is thus quite evident from the facts mentioned above that although 
the method adopted in the pi esent investigation is the simplest of all the 
methods used so far the measurement of maximum absorption, the results 
obtained regarding the value of A„, at particular temperature of the liquid are 
quite accurate and they show that such results deduced from Cole and Cole 
empirical relations are not quite correct in some cases. These results further 
show the hypothesis of the presence of continuous distribution of r in the 
range from o to in the case of all the liquids is not quite correct, because 
in the case of three of the four liquids studied in the present investigation, 
discrete absorption peaks have been observed. These maxima in the present 
case seem to be due to single molecules. Peaks at lower frequencies /nay 
be observed at low temperatures and those peaks will be due to dimers, 
because such peaks due to dimers have been observed in othei cases (Ohosh, 
1953 )- 

The value of a, the radius of the rotor calculated from the Debye s 


eqation r = 


4-1101' 

kT 


is almost the same for all the three liquids— chloroform 


ethylene chloride and ethylene biomide, and it is less than the C-Cl distance, 
liven in the case of chloroform the value is too small to lead to the 
correct volume of the molecule deduced from the density of the liquid. 
This discrepancy may be due to the presence of dirneis in the liquid which 
has not been taken into account in the calculation, as pointed by Sirkar 
(i953)* 

The fact that the value of a is almost the same in ethylene chloride or 
ethylene bromide as in chloroform may indicate that only the C-Cl or C-Br 
group orientates along the impressed field due to the freedom of rotation 
about the C C bond. This can happen only when the other half of the 
molecule is held rigidly in the liquid, which means that the molecules may 
be associated with the neighbouring molecules so that the freedom of 
motions of the portion of the molecules directly linked to each other is very 
much restricted. At higher temperatures the associated molecules are 
expected to break up into single molecules and the whole molecule is 
expected to orientate along the impressed field. Further investigations with 
other liquids arc in progress. 
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LATENT HEAT OF SUBLIMATION OF FIFTEEN SALTS 
FROM SPECTROSCOPIC AND THERMOCHEMICAL 

DATA 

By MAHENDRA SINGH SODHA * and YATENDRA PAL VARSHNI 
Department ok Physics, Au\ii\bai> University, Allahabad 

(Received fo* publication Novcmbet jj , rcichcd after t cvisioti September 5, 195.5) 

ABSTRACT. The latent heat of sublimation of fifteen salts, which have not been 
experimentally determined, are calculated from spectroscopic and thermochemical data. 

The latent heat of sublimation L(MX) of a salt MX can be obtained 
from spectroscopic and thermochemical data by means of the following 
equations : 

(MX) m = M Rh . + X g « 6 -D„ (MX) 

(MX ) Hoiid + L(MX) - (MX) gu- 
Mga h = M» 0 iid + L(Af) 

Xg», =MX 2 ) B „s + iP 0 (X 2 ) 

i(X 2 ) B . ls = 4 (X 2 )»„im + L(X) 

M tolkl + l (X 2) sot id = (MX ) solid + F 
or UMX) = F 4 UM) + L(X) + IDJX S )-D„(MX) 

where F is the heat of formation of MX ; L(M) and I AX) are the latent heats 
of M and X respectively, D„(M) and D 0 (X ,) are the heats of dissociation of 
MX and X s respectively. 

The calculations for the latent heats of the salts are shown in Table I. 

REMARKS 

(1) The values of heats of formation are those given by Bichowsky and 
Rossini (1936). 

(2) The values of L(M) are given by Landolt-Bbrnstein (1936). 

(3) The values of L(X) are those used by Malhur (1937). 

(4) The values of D 0 (X 3 ) and D 0 (MX) are those given by Herzberg 
(1950) exept those which are marked with asterisks and are given by Gaydon 
^ 947 ). 

(5) Whenever a range is given only the mean value has been used. 

(6) Calculated L(PbO) agrees closely with the value 61.6 Kcal./mole 
given by L&udolt-Bornstein, which shows the correctness of D„fPbO). 


41 Now at Defence Science Laboratory, New Delhi. 
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THE FOCUSSING AND MAGNETIC ANALYSIS OF A 
BEAM FROM A RADIO-FREQUENCY ION SOURCE 

By A N. BANKRJKE 

liusi. i\srm T 'iiv, Caultta-cj 

(Received fot publ'n niton, Sc/'lenibci ij t njS3i 

ABSTRACT. The operation of a ra<h >-frc<jtu>ncv tvpe of positive i*»n source is 
described, in which the excitation was produced bv n 32 Mr see., 200 watt rf oscillator. 
Using an extraction voltage of 22 KY, a total p <stti\ e ion current • f 175 mm <1:1111 peres 
was delivered at the target The ext taction vulmge licain current characlet ist -cs show 
that this current can be increased further t) attain a satin. dion vnlm w itb iuci easing 
extract!* n voltage. By suitably adjusting the 1 ah* > of the rxIniHioti v*>b igc to the focus s- 
ing voltage a h to 10 111m diameter beam could be realized in the legion *»f nccclciator 
space, A magnetic analysis of the beam revealed that its atomic ion content was more 
than 60%. 


1 N 'I* ROD r C T l 0 N 

The success of Oockroft and Walton in 1032 in producing mtificial 
disintegration of light elements by means of accelerated protons stimulated 
intensive efforts in different countries for developing efficient positive ion 
sources and diverse methods for accelerating them. The various types of ion 
sources that came into being comprise, inter aiia, the following types : <a) 
The high voltage discharge, (b) The low voltage arc discharge and (<) 
The capillary arc discharge. The large energy spread of the ions 
generated in a high voltage discharge source was eliminated in the subse- 
quently evolved low voltage arc source. However, the presence of metallic 
surfaces, within the discharge tuhe acting as liases for recombination of the 
atomic ions into the molecular forms rendered the apparatus, rather less 
efficient for atomic ion production. In the U.S.A. several capillary arc 
type of sources were designed and although many of the desirable 
characteristics were combined in these instruments, the requirements of 
occasional replacement of the filament remained a discouraging feature. 
The introduction by Thonemann (1946) of the radio-frequency discharge 
technique for the production of ion source was soon taken up by a large 
number of workers in different countries (Thonemann, el al, 194S J Bayly, 
et al, 1948 ; Hall, 1948; Mode, at 1951 ) the working of several 
efficient ion sources have since been reported. Different workers have chosen 
frequencies ranging from 15 Mc/sec to 450 Mc/sec ; the method of excitation 
for Q the lower frequencies being by means of a resonated coil wound 
round the discharge tube. For higher frequencies, the excitation 

7 — 1832P — 10 
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is by two external electrodes placed near the ends of the discharge 
tube, with an axial magnetic field, presumably to reduce the power require- 
ments of the radio-frequency oscillator. Brasefield (1Q30) measured the 
conductivity of hydrogen at low pressure in a discharge tube and found that 
it was maximum at a frequency of 15 Me /sec and a pressure between 10 and 
20 microns. Herzberg f 1 1 j 2 7 ) obtained a very low intensity of the molecular 
spectrum of hydrogen in a discharge tube held inside the h.f. coil. 
Moreover, good impedance matching can be attained after a few trials with 
the dimension of the exciting coil. All these considerations led to the use 
of the lower frequencies in this laboratory A 22 Me /sec, 200 watt oscilla- 
tor was used for the excitation of discharge. Using an extraction voltage 
of 2.2 KV, the source, a hydrogen discharge tube is capable of deliveiing 
175 microamperes of positive ion current of which more than 60% are atom 
ions. 

The condition of focus of the beam largely determines the extent to 
which it can be used in a high voltage accelerator, Kvcn in the absence of 
a woikable theory this pioblem received a satisfactory experimental solution 
in the piovision of a focussing lens, which was a cylindrical electrode placed 
close to the extraction canal and charged to ,an appropriate potential 
sufficient to conveigc an initially divergent beam. This method quite 
efficiently passed on a moderately focussed beam into the accelerator space. 
Fuither, by dividing the total accelerating voltage over a number of 
electrodes the condition of focus could be considerably improved. However, 
there is very little available information regarding the shape of the beam 
emerging from the canal before being subjected to the action of the focuss- 
ing lens, and the extent to which the various factors are responsible for 
determining such a shape. An occasion arose in the course of the present 
investigation to determine the beam cross section at a suitable distance from 
the canal. The method used for this purpose was based on the formation 
of a well-defined area on a clean brass surface when the beam is allowed to 
strike against it for a few minutes. In this way a study of the effect of 
various electrode shapes, mutual space-charge effect of the ions and the 
geometry of the extraction canal assembly could be made. For the beam 
current and the extraction voltage used the geometry of the extraction canal 
was found to be predominantly responsible for determining the shape of the 
beam while the mutual ^pace-charge repulsion and the shape of the probe 
electrode had little effect in this respect. 

KXl’RRIMRNTAL ARRANGEMENT: OPERATION () F 

T HE ION SOURC K 

Hydrogen was obtained by the electrolysis of water from a glass U-tube 
with platinum electrodes. The gas was collected by the displacement of 
mercury through an 80 cm narrow glass tube and after drying passed into an 
one litre pyrex flask. Only 3 cc of liquid was necessary for electrolysis. 
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WaS . '» discharge tube by ,„ea nS of a needle 

Recently, howcvei , arrangements have been made for the regulation 
of the flow of gas by diffusion through a heated palladium tubing. 

1 he discharge tube (figure i) consisted of a 4 cm outer diameter pyrex 
tube, 15 cm in length. A tungsten wire anode was fused at one end of the 
tube and it was hidden from the main part of the discharge tube by means 



of a constriction in the glass tube. The cathode was a flat tip of 
aluminium with a canal i .5 mm in diameter and half an inch in length. 
The outer diameter of the tip was b min and it was covered by a pyrex tube 
which extended 3/16 inch beyond the tip into the discharge tube. A son watt, 
22 megacycles/sec radio-frequency source consisting of one type 6V6 driver 
oscillator, an 807 buffer amplifier and a pair of 805 in push pull power 
amplifier stage, supplied the energy necessary for the discharge. The radio- 
frequency energy was transferred to a resonant circuit whose coil was placed 
axially with the discharge tube by link coupling. The diameter of ths coil 
was 2.5 inches and it consisted of four turns of silver coated diameter 
coppe r wire. The variable condenser had seven plates with a sepaiation of 
3 mm between the plates and was placed inside a glass jar containing 
transformer oil. The rotor of the condenser was attached to a long 
insulated handle to operate it from a distance. 
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The same power source (figure 2) was used for the probe and focussing 
voltages. A single phase 50 cycles transformer with a half-wave rectifier 
tube type 8013A and a pair of 1 mfd condensers provided 15 kilovolts which 



Power Unit for Probe and Focusmq Vottaje 

Fig. 2 


was fed to a chain of resistances with a total value of 1.5 megohms. With 
a number of tappings on the resistance chain the desired voltage ratios and 
different total voltages could be used. 

The pressure within the discharge tube was maintained at about 10 
microns and with the oscillator operated at the maximum power output level, 
the colour of the discharge was bright red and the Balmer lines of the 
hydrogen spectrum were brightly displayed when observed by a direct vision 
spectroscope. From the general appearance of the discharge it was observed 
that there was a deeper tinge in the middle of tube along the axis and it 
gradually faded tit the walls. 

Focussing of the ion beam : A great deal of information is available 
from the work of Tuve et ah <1935) who used a variety of lens system 
consisting of different sizes and shapes of and gaps between electrodes kept 
at various potentials and found some practical methods for delivering a 
moderately focussed beam into an accelerator space. No satisfactory theory 
exists to account for the behaviour of ion beams, under the action of a lens 
and the straightforward application of the results of investigations of Pierce 
(1940) for electron beam focussing to the case of ion beams is not possible. 
An understanding of the phenomenon would naturally require a complete 
mapping out of the beam cross section along its entire path. The recording 
of the photographic impression of the beam rendered luminous by traces of 
gas in high vacuum, as developed by Buechner, Lamar and Van de Graaff 
(1941) was an effort in this direction. In this laboratory it was found that 
by exposing a polished brass sui face against the beam at a suitable distance 
from the canal a well defined spot could be formed and this spot gave 
directly the cross section of the beam at that particular distance. This 
method could be used to determine (1) the natural broadening of the beam 
on account of its own space charge, (a) the effect of different shapes of the 
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probe electrode, and (3) the effect of the geometry of the extraction canal 
assembly. 

In Table I it is shown that when the space-charge effects are nearly 
completely eliminated for moderate probe voltages ; widely varying electrode 
shapes do not seem to exert a marked influence upon the shape of the 
emergent beam and that the geometry of the extraction cmal plays a very 
important role in determining the beam shape before it is delivered to the 
focussing lens. The geometrical cone had it* apex at the centre of the canal 
and was formed by joining it with the boundary ot the canal at the exit end. 
The above considerations would suggest the desirability of having the 
correct design of the canal assembly for the usable beam-current and the 
functions of the focussing lens and the acce-erating electrodes could then 
be carried out with maximum efficiency. 

Tahi.k I 

Beam current = 100 /^a, extraction voltage = 2500V 


Klecti fide 
shape 

Canal 

diameter 

Distance from 
centre of canal 

! Geometrical 
cone 

Spot 

diameter 

Hearn 

cone 

1. Flat 

1 5 turn 

1 35 cm 


1 .2 cm 

16 0 

2 . 90 ° cone 

2 mm 

a 6 cm 

18° 

1 5 cm 

18* 

3. 135 0 cone 

2 turn 

4 35 cm 

1 8° 

1 t cm 

15 " 


The ions after emergence from the canal were subjected to a larger 
electrostatic field and made to focuss on to the slit of a Faraday cylinder at 
a distance of 62 ems from the canal. A maximum of 2.2 KV was used for 
probe extraction and the focussing voltage was so adjusted as to maintain a 
ratio in excess of five witli the former. A cylindrical electrode with edges 
rounded off was used with a gap of one inch from the canal. The focussing 
effect of charged practicles in electrostatic field arrangements is analogus 
to the optical behaviour of a pencil of rays relating the change in velocity 
at the boundary of a medium to the refi action of the rays. Equations of 
electron optical image-forming systems do not hold good for high intensity 
ion beams. The parameters are connected empirically. In Table II is 
shown the effectiveness of laige voltage ratios on the conditions of focus of 
the beam at distances where further focussing can be effected by means of 
accelerating electrodes. 

Taiu.K II 


Extraction 
voltage F] 
in volts 

Beam 

current 

jU/1 

Focussing 
voltage 1C 
in volts 

I'i 

Distance from 
canal 

Diameter of 
spot 

700 

3*73 

50 

175 

6600 

145 00 

9 4 

67 

42 ems 

60 cm$ 

6 mm 
10 mm 
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MAGNETIC ANALYSIS OF THI! ION BEAM 

The ions drawn out of the canal and focussed by means of the electro- 
static focussing lens to form a narrow beam were subjected to a uniform 
magnetic field by means of a pair of Helmholtz coils, 14.5 inches in 
diameter. The beam was received on the slit (ij /r xj") of a brass plate 
attached to the end of a 30 cm glass lube. The beam was received on a 
Faraday cylinder opposite the slit and the current measured by type 954 
tube in an electrometer tube circuit (figure 3) where the control grid was 
connected to the cathode and the suppressor grid assumed the functions of 
the control grid. For the grid resistor, R, the value of iM was used for 
the measurements and a microammeter of 100 /uA full scale was placed on the 
plate circuit. All the measurements were confined to the linear portion of 



Electrometer tube circuit for mat&& cmaly r 

I ; 1G. 3 

the grid voltage plate current chaiacteristic cuive. Considerable precautions 
were taken for shielding the electrometer circuit from external pick-up due 
to its operation in the proximity of the powerful r.f source. The measure- 
ments were taken by removing the slit from the path of the beam to a 
desired distance by tightening or loosening the screws connected to the 
sylphon bellow’s, and then bringing each component of the slit by adjusting 
the magnet current. 

In a magnetic field of strength H (gauss) the radius of curvature of 
the path followed by the ions of mass w (in atomic mass units) having an 
energy of V (electron volts) is given by the relation (Nier, 1040) 

m I c —4.82 x 10 - V‘\H 2 /F 

where e is the eloctronic charge and r the radius of curvature in cm. 

The method of mass analysis as adopted by Dempster, Nier and others 
consists in keeping r and H fixed in the arrangement and gradually varying 
V for the different m/e ratios. By using the pair of Helmholtz coils for 
providing the magnetic field it was found possible to vary H by changing 
the current i passing through the coils keeping r and v constant. Such a 
procedure was adopted to obviate a variation of V, upon which the condition 
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of focus of the beam depended considerably. Fable III shows the approxi- 
mate linearity of H with i. 

Tabu. III 


Total voltaic 
volts 


Magnetic I'um-ni lor peak mass i ion 
current in ,u amperes 


r~ r 



3 ** 

.0036 

5 ;, 7‘ * 

1 ^ 

•0033 

6665 

5 ° 

.0038 


The magnetic analysis of the ion beam Was carried out for two construc- 
tions of the discharge tube extraction canal assembly. In the first instance 
(case I) the canal tip was bevel shaped and sharp. ( )nly 36% of atomic 
ions resulted. In the second case (case 11 ) the tip was machined flat and its 
outer surface was covered with pyrex tube extending 3/16 inch above the tip 
and the atomic ions increased to 61%. The slit of the Faraday cylinder 
was removed to different distances in the two cases. Results of analysis are 
given in Table IV- Figure 4 is diawn from the peak values of the beam 





Fig. 4 

current components and the half value width of the magnet current beam 

current curve. 


Tabus TV Uo 

Case I, extraction voltage — 430 volts, shap of cathode, shaipaud tip uncoveied. 


! 

Coil current pimps) 

Significant ions 

1 

1 Meter deflection \ 

1 (scale division) 

Percentage 

2.2 

Hi 

23 ; 

3^-5 

3 4 

ih 

30 j 

47 - 6 

4.1 | 

H a 

10 1 

15-9 
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Table I V (ft) 

Case II, Extraction voltage =.430 volts, shape of cathode, flat tip covered 

wilh pyrcx tubing. 


Coil current (amps) 

Signifiicent ions j 

Meter deflection 

J scale di\ isn>n) 

Percentage 

5 

n, 

4° 

61.5 

7 

Hi 

*9 


9 

iff 

6 

0 2 


It will be apparent from the above observations that by covering the 
protruded portion of the canal with a pyrex tube the proton percentage was 
markedly increased. The total current obtainable in Case II also increased 
considerably. While only 60 microamperes of total current was obtained in 
Case 1 for an extraction voltage of i860 volts, in Case II the current was 
175 microamperes for 2200 volts. 

T H IS T OTH BEAM CURKEN J' 

In order to determine the characteristics of the ion souice the total ion 
current was measured as a function of the extraction voltage, In this case 
the beam was received on a brass plate which was held at a positive potential 
of 100 volts to arrest the liberation of secondary electrons from the plate and 
the current was measured with a inicroammeter. The extraction voltage- 
beam current characteristics are shown in Table V and figure 5. 



500 t OOO /500 2000 

extraction Voltage. (Vo its) 

Fig. 5 
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Tam,k V 


Kxtnwtiou voltage 
in volts 

Hearn current 
in m amps 

(>50 

13 

(K K) 

jS 

1 

IlOO 

fss 

1500 

1 1 ~ 

lStjt) 

! 15^ 

2175 

173 


The rising part of figure 5 presumably represents a space charge limited 
current as it relates to the particular conditions of the discharge. With 
further inciease in the extraction voltage this increasing cuncnt is supposed 
to attain a saturation value in an analogous way to the thermionic emission 
from hot cathode. So the possibility of a substantial inciease in the total 
ion current with further increase of extraction voltage i> indicated. The 
space charge equation for singly charged ions with molecular \vt. M is 
given by (Langmuir et al , 1931 )• 

7 — 5,462 x amps cm” 2 

where I* is in volts and A" the distance between anode and cathode. 

The partial neutralization of space charge in bipoiai current discharges 
consisting of a flow of positive ions in one direction and elections in 
the opposite direction manifests itself as a more rapid increase ol current 
than the above equation suggests. From the results of the above measure- 
ments ail equation of the following foim has been worked out. 

/ — K I *'* ‘ A 2 amps cm -2 

where t\ is a constant. 


0 o N C L V S I o N 

The large majority of ion sources developed in recent years recorded 
the atomic ioti percentage in the beam at between .so and 60. A few, 
however, were reported to have an yield between 80% and oo%. This 
improvement was caused, firstly, by reducing the metallic parts within the 
discharge tube to its possible limit and secondly by designing the extraction 
assembly in such a way that only the ions from the cone of the discharge 
tube were drawn out. The incorpoiatiou of this latter means of improve- 
ment in the design of the present ion source would be necessary before any 

further increase in its atomic ion content, from its present value of 61.5%, 
could be contemplated. It is proposed, at present, to utilize this ion source 
for neutron production from D-D Reaction in a 150 KV accelerator. 

8 — 1832P — 10 
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ABSTRACT. In this paper a dc tailcii experimental study of the forced convection 
constant has been made. It is shown that the value of this constant is 756x10"®, the 
heat being measured in calories, and that it depends on the physical properties of 
the fluid. This value is in fair agreement with the theoretical value obtained from 
Nusselt’s equation. The slight deviation from the theoretical value has been accounted 
for by considering the variation with temperature of the quantities involved in Nusselt s 
equation. 


INTRODUCTION 


Despite the evident practical importance of the problem of forced con- 
vection, the transport of heat from a hot solid by a stream of relatively cool 

fluid or vice versa, it cannot be said that our knowledge of it is as yet, 
especially from a theoretical standpoint, at all complete. The most general 
problem, where the shape of the solid is not simple, and the thermal expan- 
sion, compressibility and viscosity of the fluid, and the temperature varia- 
tions of these and of the specific heat are taken into account, presents very 
considerable difficulties. Straight mathematical solutions of the differential 
equations representing this type of heat transmission have been worked out 
in a few cases and only under certain simplifications of the considered 
problems. However, the principle of similiarity has been and is being 
widely employed to obtain an insight into the complex mechanisms of the 
processes of heat convection. 

The results arrived at mathematically by some workers m both the 
regions, laminar as well as turbulent, of forced convection suggest that the 
experimental data of this problem of the effect of fluid motion on heat 
transmission may be examined in the light of a very simple formula 

H=bV* + c — (1) 


where H is the rate of heat dissipation per unit area of the surface of the 
hot cylinder immersed in a moving fluid, V is the fluid velocity, the index 

* Now at National Physical laboratory of India, New Delhi « 
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n is a constant and b and c are functions of the characteristic dimension of 
the cylinder immersed, and of the excess of temperature of the cylinder over 
that of the surrounding fluid. The term bV n represents the heat dissipation 
due to forced convection, while c includes the energy losses due to radiation 
and natural convection. 

In this paper a detailed experimental study of the forced convection 
constant has been made in the light of the above formula. 

experimental, 

This paper is in continuation with the previous one by the present 
author (Kapadnis, 1953). The same experimental technique (Kapadnis 
and Gogate, 1952) was, therefore, used to record a few more observations, 
sample series of which are given in Tables I and II. In all, five cylindrical 
vessels were used to collect the necessary experimental data, the velocity of 
the air stream issuing from the electric fan, made uniform by introducing a 
wire-mesh between the fan and the cylindrical vessel, ranging from about 
80 cm per sec. to 1100 cm per sec., and an excess of temperature of the 
cylinder surface over that of the surrounding air stream from 3o°C to 68°C. 
If in this case the rate of heat dissipation per unit area is plotted against the 
nth power of air velocity for each temperature excess one should obtain a 
family of straight lines from which the values of the functions b and c in 
expression (x) can be calculated. Figures 1 and 2 show this conclusion to 



Fig. 1 
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Fits. 2 

be justified within the limits of experimental error. The accuracy of the 
observations was tested by plotting for each vessel this family of straight 
lines corresponding to the various temperatures and in this way a check 
was obtained in the determination of the constant function b. The values 
of b obtained in this manner arc recotded with the excess of temperature 
and the diameter of the cylinder in Table III. 

As the Nusselt’s equation, used by the present author in his previous 
work of which this investigation is a continuation, does not take account 
of the heat losses due to natural convection and radiation; all the values of 
the rate of heat dissipation are corrected for these losses in the same manner 
the present author followed in his previous work. The question of the 
second function, c, representing the heat losses due to radiation and natural 
convection, therefore, does not arise here. The study of this constant 
function, c, will be made separately. 

n It T A I Iv It 1 > ANALYSI S 

As mentioned above the term b in expression (i ) is a function of the 

temperature excess and the cylinder diameter. Fora constant value of the 

cylindrical vessel, therefore, expression (i) represents a surface in space, 
which gives in H-V plane a family of straight lines for different 
temperatures. The slope of each line gives the value of the forced convec- 
tion constant function b for the corresponding value of the excess of 
temperature cf surface of the hot cylinder over that of the surrounding 
stream of air. Values of b corresponding to different values of A0, the 
temperature excess, in the case of cylinders of various diameters are recorded 
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Table I 


Effect of air velocity on heat transmission foi different temperature 

excesses 

Diameter of the cylinder D = 2.5 cm 


Air velocity 

V in 
cm/sec. 

F 0.517 

Rate of heat dissipation per unit area in cals /sec /sq.cm X io 4 
for an excess of temperature of 

3o*C 

4i°C 

50*C 

59 *C 

68*C 

34a 

17.06 

273 

352 

406 

5°7 

589 

405 

22.28 

343 

46s 

546 

667 

754 

563 

26.42 

410 

552 

637 

778 

903 

721 

30.06 

458 

619 

744 

883 

1,023 

88a 

33 34 

504 

677 

815 

987 

1,103 

967 

34.91 

5^8 

705 

838 

1,046 

1,17a 

I *°95 , 

37 24 

577 

761 

902 

i,ii8 

i.as 8 


Table II 

Effect of air velocity on heat transmission for various values of excess 

temperature 

Diameter of the cylinder D= 21.8 cm 


Air velocity 

V 

in cm. /sec. 

I 

J/O*® 1 T 

Rate of heat dissipation per unit area in cals./sec./sq. 
cm. x io 4 for an excess of temperature of 

3°*C 

4i“C | 

50°C 

i 

59 *C 

68*C 

242 

17.06 

1 

85 

! 

125 

*45 

177 

192 

405 | 

22 28 

105 

168 

192 

223 

252 

563 

26.42 

123 

202 

227 

268 

298 

721 

30.06 

145 

233 

255 

308 

333 

882 ! 

33.34 

163 

248 

278 

342 

376 

967 

34.91 

l68 

265 

294 

356 

389 

1,095 

37.24 

178 

282 ; 

318 

377 

414 


in Table III. Figures 1 and 2 give typical plot of the convective rate of 
heat transmission per unit area against the nth power of air velocity for two 
cylinders, the smallest and the biggest among those tried in these investiga- 
tions. A remarkable feature of the forced convection constant function 
revealed by the record and the graphs as well is that its values show a 
systematic increase with the temperature excess, but a striking decrease 
with increasing values of cylinder diameter. This suggests that the constant 
function b be examined in the light of the expression b = j8A0, where j8 is 
the function of the cylinder diameter only. 











Effect of Fluid Motion on Heat Transmission 


537 


Table III 

Variation of the forced convection constant function with the excess of 
temperature in the case of cylinders of different sizes 


Diameter of 
the cylinder 
D ia cm. 


2*4 

5-2 

10.7 
15-0 

21.8 


Values of the forced convection constant function ( 6 ) x 10 " 3 for an excess 
of temperature of 




A0— 

Fig. 3 

The values of the constant function b are, therefore, plotted against the 
excess el temperature of the surface of the cylinder oyer that of the 
surrounding stream of air. for different cyliuder diameters (figure 3 ) in order 

to net the various values of /3. _ . 

It is seen from the values of P obtained in this way that P is very 

nearly independent of the temperature- The slight increase in its values 
“fth increasing temperature may be represented by a small temperature 
rc • f that (i + and which may be interpreted as due 

rThTcombinedvariafiono. .hi dimensions of the vetae . and the density 
viscosity and heat conductivity of air with temperature. It has been found 
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in these experiments that this variation of /? with the temperature excess is 
negligibly small, very slightly greater than that due- to the experimental 
errors. 

The present author (Kapadnis, 1953) obtained by using the method of 
dimensional analysis the following partial theoretical expression, co- 
ordinating experimental data, in the case of heat dissipation by forced 
convection : 

11 dQ u\_ A raV ' 617 
dT K j °' 56 \ $ j 


1 dQ _ 0.56A’ A 0 P o -»i 7 

A dT £ 0B17 Z) 0 - 483 


(a) 


where 


is the rate of heat transmission 
di 


A , the area of the cylinder exposed ; 

D, the characteristic dimension of the cylindrical vessel (vessel 
diameter) ; 

A 0, the excess of the surface temperature of the cylinder over that of 
the surrounding air-stream ; 

V, the velocity of the air stream ; 

K, the heat conductivity of air ; 
and £, is the ratio of the viscosity of air to its density. 



Fig. 4 

It is evident from the present author's experimental results in the 
previous paper and also from expression (2) that f 3 varies inversely as the 
0.483rd power of the diameter of the cylinder. Figure 4 gives a plot of 
the reciprocal of /3 against the 0.483rd power of the cylinder diameter. 
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which is a straight line showing clearly that the product of fi and D o m is 
cons an . ie constancy of this product is shown very satisfactorily m 

the ast column of Table IV. The mean value of this piodnct as the result 
ot all the observations is given by 


0 O°- Irw -7-5hxi 0 ^ 
the units of heat being in calorics. 

The theoretical expression (2) requires that fi be given by 


ft-- 


0.56K 


£0.G17 jj O.IHD 


(3) 


(4) 


TabI.K IV 


Variation of fi with the size of the cylinder 


D 

0 

/ >11 1 HM 

j 

j 

0 

1 

j 9 /» 0 . 4 M 8 


x 10- 5 


x 10" 4 

n~ 

' XIO ' 1 

2.4 

5. on 

i 53 

2.00 

7-65 

5*2 

3 37 

2 22 

2 97 

7.48 

10.7 

2 ,/|n 

3 -i 4 

4.17 

7-54 

150 

2 06 

3 7 ° 

4 Ns 

7 62 

2 t.8 

1 70 

4 43 

5.88 

7.53 


Taking from International Critical Tables the value of the heat 
conductivity of air, 5.755 x 10' 5 cals. /cm. sec. <°C\ cm" 1 ) ; that of the 
viscosity of air, /* — 1S5.6 x io~ G poise; and that of the density of air, 
/ ) = o. 001165 gins. /cm 3 ., (all at 3o°C)» for the numerical calculation of the 
theoretical constant factor o 56 /\/£°‘ 617 in expression (2), we get 


0.56/v 

£0.517 f 


= 8.33 X IQ' 5 


(5) 


which is in agreement with the factor (3) arrived at purely from the 
experimental data. However, the agreement between these experimental 
and theoretical factors is not very close. 

In these investigations the temperature of the air-stream was measured 
at a considerable distance from the surface of the cylinder, because it is well- 
known from theory and* experience that at the very surface of the cylinder 
the temperature of the air-stream is not different from the surface 
temperature. The values of heat conductivity, density and viscosity of air 
were taken at the temperature of the stream of air. Considerable variation 
of these quantities with temperature takes place. But, in the present inves- 
tigations the temperature excess never exceeded 68°C. The error due to 
the neglect of the variation in the above quantities with temperature was, 
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therefore, thought to be small in comparison with the experimental error. 
So expression (2) used here was not modified !to take account of the 
abovementioned variations with temperature. 

Ihe root cause of the slight disagreement between the theoretical and 
experimental factors (5) and ( $) respectively lies most probably in the 
theoretical expression (2) which has been derived by assuming that the 
density, heat conductivity and viscosity of the surrounding air-stream remain 
constant when the excess of temperature of the hot cylinder over that of 
the surrounding stream of air has got a small value. 
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ABSTRACT. Dynamics of the vibration of a bar exhibiting strain-rate effect when 
subjected to an alternating mechanical stress has been worked out, following the 
operational method. Kxpre-ssion for the amplitude of vibration at the free end in terms 
of resonance frequency and fractional detuning at 3 db point has been derived. An 
accurate for inula is also dei ived for the resonance frequency. An expression giving the 
displacement at any point along the bar has also been derived. The work of previous 
authors have also been critically discussed. 

INTR O I) U C T I O N 

The theory of the extcnsional vibrations of a bar excited by impact of 
a ‘rigid’ load has been worked out by a number of workers. (Boussinesq, 
1885 ; Ghosh, 1936 ; Ghosh and Dliar, 1930). Ghosh and Ghosh (1950) 
extended the case, applying the poweiful operational method, for an clastic 
load struck at the free end of a bar, the other end being fixed. In a 
subsequent paper 'Ghosh and Ghosh, 1952) dealing with the transmission of 
stiess under the conditions of rapidly applied loading, the author has 
calculated the time of collision during impact for each epoch and has 
derived many important conclusions theiefrom. But in formulating the 
earlier theories the effect of internal friction in solids was neglected. 
Thereupon the author has built up the complete dynamics of the elastic 
strain-waves due to axial impulse ai d has extended the theory to cover 
plastic behaviour exhibited by most metals. Ju formulating all these 
theories the author has always used the powerful operational method, 
which is also employed here for solving the present problem. In the present 
theory the effect of viscosity, which arises out of internal friction, in metals 
on the transmission of strain-waves thiough a solid bar subjected to an 
alternating mechanical stiess has been considered. The characteristic of 
viscosity is that in a moving fluid, the stresses differ from a state of pressure 
uniform in all directions about a point, by quantities depending on the ‘rates 
of strain’. 

It is usually assumed that these quantities are linear functions of the 
rates of strain. At least in the high polymets, a complete model of the solid 

2— 1832P— it 
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must comprise an indefinitely large number of elements all obeying this 
linear model, but with differing values of appropriate elastic and viscous 
moduli. From our present standpoint this is sufficiently justified by the 
fact that the strain- velocities aie regarded as infinitely small. 


T II K ()RY 


For mathematical convenience, it is common in problems on vibrations to 
consider the relation between the stress, />, and the strain, c, in a solid to 
be of the form : 


where E and tj are the associated elastic and viscous moduli. 

The equation of longitudinal motion in a thin bar or tube <C a<l\ , 
iw.z) exhibiting strain-rate effect, is then : 


d 2 to d 2 o) . d A <*> 

n -- =l \ „ -i ?} - - - - 

dt ds dt.ds 


'll 


where .9 = longitudinal co-ordinate, 

^ — longitudinal displacement , 
p = density of the bar, 

E = Young's modulus of the bar, 
and */ = associated viscosity coefficient of the bar. 

liquation (i) is equivalent to : 


d 2 tn D 2 to , v 

, .. “ •• U-il 

ds“ C ~ 

where /> l = j)\ l + , h /?J -■* 

C 2 = E/i’ 

'h - 'll ]'■ and D = the operator ^ . 

The general solution of equation (1.1) is 

<.) = /! cosh + Ji sinh ^, |S U 2 ‘ 

If a periodic foice of any period be applied at one end of ‘.he bar, any 
portion of it will vibrate with the same periodicity as the fort e, so that in the 
steady state, 


<*>* — Ms) 


’ D 


p 

— in 


U.2l) 


expressed in operational form in which n represents the frequency of 
vibration. 

At the free end of the bar, there being no external force, we have, 


at .v— o, 


dot, 

17 


— o 


(i.3) 
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Also, the displacement at the free eud (s = o) may be expressed as 
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"u ““ V'hv; s t\ 

D — in 


where 


and 


... (1.4) 

With the help of equations (1.3) and (1.4), equation (i.2> becomes : 

u),-^i ( . n cosh • - n /} . ^ 

t D- in 

The operational solution of equation (2; yields : 

i»s j -o[ cosh 2 ^' -sin 2 ”'(4 - 3*,' j < = •«> 

a ~ I ‘I h>/i 3 W 2 i ( 2.1 l) 


, fts , n.s, . 
tan « = tanh . tan (4 — 3 

/' r 


(2.12) 


If the bar of length / he excited at one end (s = 0 by a periodic stress 
F. of peak value F, the equation of motion at s—l is 

i:( ,h " ) ¥,,!)( d "' ) ~ Fa ' 1 " 1 ' ••• <3' 

Substituting values of ^ ) ^ from equation <2), equation l.t) lvconics, 

f ^(s) J=0 /)|j 4 fpDl'F'hinh 7 / • 


^(s) '- 2 ,r + /F 1 1/2 1 cosh^' / -coslr’^f 1 d«>} < 


(3.1) 


where • , — e 4 '/> i .t, and tan «/> 


/j/ nl V 

tauh , cot ^ t.) - ,p*> - , /w 


tauh fil cot M“3'> » 
( < 


^ ^ The amplitude of vibration at the free end s-o is, therefore, given by 

F 


^F(.v) , = 0 ~ .. 


/,; f * a n 2 + /5 2 [ cosh 2 / ; / - cos 2 (-1 - d 7 1 ] 

r 1 


... (4) 


Equation (4) is in agreement vvuh^llic result given hy Letltersk-I, ami 

I’el/er (iomj) unto terms containing >h >’ ■ 

Also from equation (2.1) we get the displacement at any point along 

the bar in terms of the amplitude of vibration at the free end and is given by 

... ( 5 ) 


a ‘“‘ 1/2 

— 1, (a „[ cosh 2 — -sin*“-( 4 “ 3 a ) } 
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Differentiating the expression under the radical sign in equation (4) 
with respect to « and equating to zero, the maxima of the amplitude are 
found to occur when, 

T (‘ + 8 ’■**■) 1 ••• <6) 

where S *=1,2,3 ... etc. 

Similary, an inspection of equation (5) shows that minimum values of 
displacement (nodes) occur at distances &iven by 

ns/ 3 2 c' K 

rV- s"' V =S 1 - W 

where S' = 1,3,5 ... etc. 


DISCUSSIONS 

Experiments (Eethersich, ct al, 1950) made on a number of plastics 
indicate that at a frequency of 2 x io s c/s, >h 2 n 2 lies between 0.00016 and 0.003. 
Thus if »?, 2 n 2 < 0.00016, the minimum value for most plastics, (4— 3 a ) of 
equations (4) and (5) approaches unity. 

Under this condition equation (6) shows that resonances occur at or 
near multiples of frequency when n-n r , 

where n r = , S— 1,2,3 • etc. 

Therefore expanding the cosh and cosine terms in equation (4) and 
using the approximate relations : 

cosh 0 = 1 + - — , 

2 24 


a ^ & 

cos a — 1 - + — , 

2 24 


a simplified expression for the amplitude near the resonance peaks is given by 


'Rs) l . 0 


_2F 


nV + 4 m 2 (» - W.K' ( _ , 2 n 

2n r a n r 2 \ 8 


— 4-S 2 ff*n i! (fi — n r ) 4 ( _ r} 2 n 2 
3 «r 4 \ 2 

Equation (4.1) gives the resonance amplitude at the free end, in terms 
of the harmonic numbei .S' and the fractional detuning. The resonant 
amplitude can, however, be found more accurately by using the relation f 6) 
i.c., replacing » in equation (4.1) by 




Vi n 2 
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Relation (6), therefore, gives an accurate value for the resonance 
frequency and indicates that sonic sources of error creep m due to successive 
approximation in deriving a similar relation by Eethcrsich and Pel/.er. 

Relation (6) thus amends I v ethersich and Pel/.er s similar relation and 
improves the accuracy of Wegel and Wallher's (io}5> expression giving 
the band-width at the 3 <ll>. point. 

Equation (7) gives minimum values of displacement at distances 
given by 

2 US r, r.f 

= .S 7 T, S'= 1 , 3,5 etc. 

c 

when *h J n 2 < 0.00016. This is also in agreement with Lethersieh and Pel/.er *s 
relation giving the position of nodes. 

With the above approximation, the displacement at the centre of the 
bar vibrating in its simplest mode at resonance is 

(l) w 2 = \M.v) , _ 0 sinh ,/,w 1 ... (5.1) 

4 r 

which is the only minimum value at the fundamental. The displacement at the 
centre of the bar for the same mode, when the amplitude of vibration at the 

free end has dropped by a factor of ^2 ( t.c, t 3 db.) on eitliei side of the peak 
is obtained by putting hi r V -A) for n in equation (5), A being the band-width 
at the 3 db. point. This gives 

i IV 

a) — \p(s) ♦ o cosh 3 - 1 *— *(1 » ^ ") -cosh 3 (52) 

4 < \ a,/ zc 

Neglecting A compared to unity and using Wegel and Walther’s relation, 
n t 

2 

A = - 5 1 ^~ at 3 db. point, we get, 

2 

w. =* \/ 2"> e ^± ••• (5*3) 

liquation (5.3) is also in agreement with Dethcisich and I elzer s 
similar expression. 
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ABSTRACT. In Ur present pa pet binarx ami ternnrx fission^ of manimn undo? 
the action of slow neutron have been Mmlied T>n photographic' emulsion techtiifjiu* ami 
it is intended to establish the fact that in the case of tri-partition the tlmd fragment niav 
ivvt necessarily be a light particle, of the ratine of an a-pnrtich\ but can have a mass 
greater than 4 Areordinglx , it was iieecssux to d(isensiti/e the cspinmental nuclear 
plates bv increasing ihe ('oiicenlration of 1 T( ( N t ^3 ) ;»> in alcohol A concentralion of 

ijj to irVV, was found most favourable dm* to various factors Mon than r'\on«> cases of bi- 
partition and one interesting case of ti i-pai lit 1 on were observed. The tabulated mass 
values were 166, AS and ; hut fiom t ho nature of ionisation, flu mass x a lue of t he third 
fragment is expected to lit bt twci n 15 to 20 instead «»f 30 The calculated hinetii rneigy 
of this 1 1 i-pai (it ion is 2 x :.>*» ckctrnii-volts instead of 1 *5 x in* dc« trou-vnlts and hetiec it 
is assumed fjiat the fission has been initiated bv a high energv fast neutron (of cosmic 
ray origin) the dit eclion and x alue of wbitli onlv can help to determine Ihe correct niass 
values. In smdi highly descnsiti/cd plate the total range dish ibiition of tin* two fusion 
fragments has been shown by a histogram and most of them lie between »o and Hie 

corresponding \alae in a n<>n-desensiti/cd plate is : \u- appi oximateK 


introduction 

The phenomenon of excited nucleus, namely that of uianium 01 
thorium bieak in g up into two fragments during the fission process have 
been observed by various methods e.g., ionisation chamber, Wilson 
chamber etc. and the projectile used to have brought out this fission process 
was generally the neution. Though in the past Ilford Halftone and otlier 

similar types of photographic plates were u.ed to study the fission pheno- 
menon along with the other studies on nuclear reaction and cosmic rays, 
they served only a limited useful purpose. Recently, the Induction of a 
new specially concentrated emulsion (manufactured mainly by tuo photo 
graphic firms, namely, Ilford I.U 1 ami Kodak I.td) for .ho u,vc S t, s „.,o„ o 
nuclear processes has brought a aide development ... ihc field ol nuclear 
research (Powell. Orchialini, I.ivesey and Chilton .«!«■ the 

new photon, a emulsions the observation of tracks due to fiss, on frag- 

ments has been studied by a number of workers. In addition to bi-pu.tiUon 
rmaniun, nucleus which is commonly observed, »n part. t, on of uranium 
has also been reported by some woikers, namely. Green and bevesey (tut?), 
and others. The aim of the present investigation is 

(a) to search for the tri-parti I ion of uranium nucleus under the action 
of neutron by photographic emulsion technique and if observed, 

* Couiimmicated by l>r. I>. M. IW. 
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<b) to establish the fact that the third fragment emitted in addition to 
the other two fragments which are equivalent to those in binary fission may 
not necessarily be a light particle of the nature of an cx-particle, but can have 
a mass value greater than 4 mass uni Is. 


E X 1‘ Ii R I M K N T A h T R C H N I QU R AND R K vSUIyT 

The study of fission fragments by the photographic emulsion requires 
some special treatment of the nuclear research emulsion due to the 
difficulties arising out of the technique employed. Firstly, uranium itself 
emits a-particles which create a eonsideiable amount of background tracks 
along with those due to fission fragments. The number of these a-particles 
depends upon the quantity of uranium present in the emulsion. Secondly, 
in the present investigation the fission of the uranium nucleus is brought 
about under the action of neutrons, there is every chance of having recoil 
proton tracks in the emulsion. Thirdly, the neuti 011-source was a radium- 
beryllium one and so the back-ground fogging due to 7-rays has to be 
eliminated. Moreover, the aim of the present work is to search for a 
tri-partition of uranium nucleus which when observed, should also indicate, 
whether the particle has a mass equal to or greater than 4 ; thus the problem 
requires that a large number of uianiuni-fission fragments should be 
produced in the plate, and carefully scrutinized under the microscope for 
observation of such rare events. 

To eliminate the effect of the back-ground due to less energetic radia- 
tion i-e., a-particles, recoil pioton tracks etc., desensitizers like CrO ;u 
K 3 Fe(CN) fi etc. were tiied but with no satisfactory result, as the quantity of 
uranium with which a plate can be loaded cannot be increased beyond an 
appreciable value. If uranium in the form of its salt is used in large 
quantity then further desensitizing action of uranium salt (actually solution 
of uranyl nitrate in ethyl alcohol was us^dj made the fission tracks much 
weaker ; it could be hardly visible, but the total number of fission events 
was increased. The desensitizing action of uranium-salt which increases 
with the increase of uranylion, is found to be most suitable for the 
present purpose of studying the rare event in connection with the 
fission of uranium nucleus, as was also suggested by Green and Livesey 
(1946). The choice of the particular concentration of uranyl nitrate 
[UO a (NO a )a> 6H a O] in ethyl alcohol v\ as found by performing a number of 
preliminary experiments, by increasing successively the concentration of 
uranyl nitrate a little. The pMes, being bathed in the requisite concentra- 
tion of solution for half an hour, were dried, kept lor a few days and then 
developed as usual. When the tracks due to a-particles were completely 
suppressed, but tracks due to fission fragments were easily distinguishable, 
the corresponding va^ie of the particular concentration was chosen and it 
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was found to be between 12 to 16 gms of uranyl nitrate crystals dissolved 
in 100 c.c. of ethyl alcohol. The use of alcohol was found to be suitable 
for impregnation, as it helps in quick drying out of the plates especially in 
moist weather. 

Some Ilford nuclear plates of different types, namely, C2, Ki, Dr etc. 
were impregnated with the above concentration of solution of uranyl nitrate, 
and were dried quickly in a specially constructed wooden chamber (kept in 
a dark room). The construction of the chamber is very simple and is shown 
in the figure 1 . 



Fig. 1 


Drying chamber 

It consists of a tall upright rectangular wootlon frame-work open at the 
top and closed at the bottom ; there is a small similar frame-work attached 
to a side near the end. Through the mouth of the side fraine-woik air is 
blown from an electiic blower. Slightly below the mouth of the upright 
frame-work but inside it there is a metallic wire-gauge over which there is a 
plate holder in which the impregnated plates are put with the emulsion 
surface facing downwards. The whole chamber both inside and outside is 
painted black so that any transient illumination due to sparking m the 
electric blower may not affect the emulsion due to reflection from the sides 
The dried plates are placed within a brass box which m * urn * P 

within another thin brass box. The plates were then placed Wore a 
neutron source (radium-beryllium) surrounded by paraffin bricky T 
effect of the y-rays was almost cut off by interposing some lead bncks, of 
total thickness i. cm., between the plates and the source. The p ates were 
kept as such in an atmosphere of slow neutrons; some few fast neutrons 
however coming directly from the source without being slowed down were 
included After four or five weeks the plates were developed as follows : 

The development was done with great care taking all necessary precau- 

tions Firstly, the plate was washed with running cold water for fiommutes 
3 — i 832P— ir 
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Fig. 2 

Photograph cf the tri-partition of uranium nucleus, magnification, 
2000 nearly. 
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(for 50/* plate) to make it free from uranium-salt and then developed with 
Ilford ID-19 developer diluted with water in the ratio 1 : 3 for 20 minutes 
at about i8°C ; the results, however, were not satisfactory as considerable 
back-ground effects were present. Also some tracks were found to be present 
in the developed plates. These tracks are attributed to the ’‘-particles 
ejected during the time of washing out the uranium-salt. The result was 
improved by developing the plates in the same way as above without wash- 
ing the uranium-salt but by simply jire-soaking the emulsion with water for 
ten to fifteen minutes for 50 plate. In addition, by using the same 
developer but diluted in the ratio 1 : 6 and developing for 12 to 15 minutes 
at 2o°C (for 50 fi plate), the results were further improved. Though in the 
latter case the developing condition was not ideal still the number of such 
tracks due to ’‘-particles was greatly reduced and if found, it was mainly 
near the surface of the emulsion. 


After proper development, the plates were carefully scanned under a 
research binocular microscope (Leitz Ortholux) using 1/12 oil immersion 
fluorite objective (95 X and NT. A =1.32). The overall magnification used 
during scanning was nearly 1000. Out of the total number of fission events 
taking place in the plate, only 61.3 per cent of them had tracks due to 
fission fragments which ended in the emulsion. 1 he total number of 
fissions observed was more than 20,000. In addition to binary fission of 
uranium nucleus, only one interesting case of ternary fission was observed 
in an Ilford Hi plate and its photomicrograph is shown in figure 2. All the 
three fission fragments which ended in the emulsion, are hereby in the same 
plane and could be reproduced in a single photomicrograph. The ends of 
the tracks OA and OB are slightly out of focus. According to the procedure 
of the experiments described above, the thiid fragment in addition to the 
two fission fragments must have a mass greater than that of an '/-particle. 
Moreover, in the cases of tripartition of uranium nucleus reported by several 
investigators, namely Green and Livesey (1947) the two heavy fission 
particle tracks are almost in a straight line, to which the 3rd particle makes 
different angles ; but in the present case the angle between the two heavy 
fission particles was much less than 180", to balance the relatively high 
value of the momentum of the 3rd particle. Such relatively high value of 
momentum requires for its interpretation, a relatively high value for the 
mass of the third particle. Tsiang, Wei, dal. (1947) have also reported to 
have observed one particular case of tri-partition, in which the calculated 
masses of the fragments were about 127, 77 . and 32 respective y. In the 

present case the tracks due to the two heavy fission fragments have a 
grain-density gradually decreasing towards the end which is a feature 
characteristic of a binary fission event as generally observed, due to the loss 
of multiple charges of the fission fragments. The silver grains forming the 
first few microns of these tracks are densely packed into a continuous solid 
line, while those at the end are distinctly separated from one another. The 
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nature of the fission fragment tracks gives an idea about the degree of 
desensitising action of the uranyl ion, on track latent images. Such high 
degree of desensitising reduces the total range of the two binary fission 
fragment tracks because the latent images near the last portion of the real 
range of the tracks are not developable. The total range distribution in the 
case of a binary fission has been discussed later. 

The ranges and angular distribution of the three fragments (figure 2) are 
given below with reference to a separate simplified diagram (figure 3). 

The ranges are as follows : 


3 



A 


Fig. 3 

OA = 27/*, 013 = 35 /* and OC~ 54H, 

while in the case of bi-partition the total track length of the two frag- 
ments together is between 20 and 21/*. 

The angular distribution is as follows : 

Z A OB = 1 18 0 , ZBOC'= 136° and Z.COA = io6 c 

The mass values of the three fragments as well as the kinetic energy of 
this tri-partition of uranium nucleus have been calculated out by applying a 
method similar to that adopted by Tsing, Wei, Cliastel and Vigneron (1947). 
It is assumed that firstly a compound nucleus is formed by the absorption of 
a neutron according to the following equation : 

23Stt . — 23« T t 

U 9 2 ' I W (, U I| 2 

Then the compound nucleus 23 "U #2 thus formed explodes with three 
ionisable fragments. It is further assumed that no neutron is emitted 
during the process. Let the masses and velocities of the three fragments 



Study of Bi-partition and T ri-partition of Uranium Nucleus 553 

OA, OB and OC be represented by JW„ M a , M a and V x , V a , respectively. 
From the conservation of mass we have 

Af, + Af a + Af s = 236 ... (1) 

Further from the conservation of momentum and the resolution of 
the momenta in two mutually perpendicular directions OX and OY (figure 4) 
we get 


£ y 



Fjg. 4 

/\ /\ 

M, 1 ,cos AOt + M x V a cos BOi + A/ a F* = o 

/X /\ 

Mjbisin AOC — A/ 3 I’ 2 sin BOC — o 


(2) 

(3) 


(It is to be noted that the calculations ate being done iu the cent ic of mass 
system of the incident particle). 

If the relation between velocity and mass be known for a definite value 
of the range of fragment then by the use of the above three equations it is 
easy to calculate masses of the three fragments by trial and error method. 
To deduce the relation between velocity and mass for a particular value of 
the range the following procedure was adopted : 

First of all the ranges (in emulsion) of the three fragments were conver- 
lo their air equivalent irom known values of stopping power. Their air 
equivalent ranges have been used in subsequent calculation. According to 
Bohr, the ratio between the range R r of a fission fragment and the range 
R« of an a-particle with the same initial velocity V < is given by 


Rr_ _ M_ Vo 
R 51 Z <i!a V t 


(4) 


where 7. and U are the charge and mass respectively of the fission 
fragment and V 0 is given by ~ . Therefore, in equation (4) by substitut- 
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ing a known value of V t corresponding to R a > we get on calculation the value 
of gyz • As Z is known corresponding to a particle of mass M , a curve 
can be drawn with different values of and M as co-ordinates. From this 
curve the value of M can be found out from known value of -7^.- determined 


from the known value of V < by the use of equation (4). Thus, by 
giving different values of V t we get different values of M corresponding to 
one particular value of the range of the fission fragment. Putting these 
values of the range, we get the corresponding different velocity-mass curves 
as shown in figure 5. 


9 

SxfO r~ 



40 60 30 f£0 HO 

M in mass units >- 

Fig. 5 

Velocity-mass curves 

By choosing different sets of values of velocity and miss, using 
equation (1), (2) and (3) and by trial and error we get the three mass values 
corresponding to the three fragments as 166, 43 and 30 mass units. 

From the nature of ionization along the track OC and tlso from 
minimum ionization tracks, the mass value most probably will lie between 
15 and 20 instead of the calculated value 30. Similarly, the calculated mass 
value 43 seems to be a bit lower as its grain density along the track suggests 
a higher value than 43. However, taking the mass values as 166, 43 and 30 
the kinetic energy of tri-partition comes out to be 2 x 10 9 electron-volts 
which is large compared to the energy of fission of value 1.5 * io 8 electron- 
volts approximately induced by a neutron. Due to such large kinetic energy 
released in the present case of tri-partition, the phenomenon can only be 
explained by the assumption that the fission has been initiated by a high 
energy fast neutron of cosmic ray origin. The chance of its being initiated by 
a high energy proton or ^-particle cannot be totally excluded. 
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Though the present study on tri-partition of uranium nucleus is mainly 
concentrated on the work with desensitised plates, the experiments were 
first begun with non-desensitised plates. Nearly x gm of uranyl nitrate 
was dissolved in 100 c. c. of water and some Ca plates were bathed in that 
solution for half an hour. Then they were dried, put in thin brass box and kept 
as such in an atmosphere of slow neutron. After 2 or 3 weeks they were 
developed for 10 minutes with Ilford ID-19 developer diluted in the ratio 
1:3. The plates were scanned as usual and only some binary fission tracks 
were observed with a back-ground of ^-particles ejected from uranium and 
recoil proton tracks. The total range of the two fragments was measured 
for different binary fissions in these plates by means of a calibrated reticule 
and has an average value of 23.05 or 24/* approximately. Thus the concen- 
tration of uranyl nitrate solution was gradually increased and following 
the same pro:edure it was observed that the total range value for bi-partition 
of uranium nucleus was becoming less and less. Finally, at a concentra- 
tion in which the tri-partition was observed it has already been mentioned 
that the total range of the binary fission fragment tracks was reduced due to 
the desensitising action of the uranium on the formation of latent images 
due 10 fission fragments This range distribution of the two fragments 
(in Ei plate) has been shown by a histogram in figure 6. 



Total range frequency histogram of two binary fission 
fragments in E 1 plate. 

Most of the fission fragments have a foul range lying between so to a... 
Sometimes tracts of very small range appeared near the upper surface of 
tbT'enmlsion and this was discarded by considering i. to be due to .-particle. 
SnchTchance for the formation of their latent images ,s due to the fact 
th“« while rinsing the plate after bathing in the requisite highly concentrated 
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solution of uranyl nitrate the upper surface of the emulsion may have ever}' 
chance of reduction in concentration of uranyl nitrate and thereby reducing 
the intensity of the disensitising action by a little. The readings for the 
histogram in figure 6 are taken in Ilford Ei plates in which the tri-partition 
was observed. Further experiments are in progress and more rare events 
like tri-partition etc. are expected to be observed. 
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ABSTRACT. In this paper the differential cross sections for proton-proton scattering 
have been calculated in the Born’s approximation using potentials consisting of the tensor 


operator multiplied respectively by 


( '-Ar 

M 2 


and 




Results for the second potential have 


been shown to give marked angular isotropy which agree qualitatively better with 
the experimental results of proton-proton scattering at 345 MeV energy than the existing 
calculations made with potentials derivable from field theories. 


tntrod u C T I O N 


Chamberlain ct al (1951 ) have recently determined proton-proton 
scattering cross sections at high energies. Their results for 345 MeV show 
that the differential cross section between co° and 15° is very much in- 
dependent of the angles having the value 3.8 x io" 27 cnV/steradian (centre 
of mass system). Such spherically symmetric scattering could qualitatively 

be explained by saying that the scattering is due to an interaction in the 
S state. But this is not a possible explanation of the observed results 
because the cross sections, as calculated on the basis of an interaction ’in the 
5 state, are too low in comparison with the experimentally determined values. 

So far, it has not been possible to explain even qualitatively the 
observed isotropic scattering in the above-mentioned case with the help of 
potentials as obtained from field theoretical considerations. Some workers 
have, however, tried to approach the problem in a phenomenological 
manner. Case and Pais (1951) have attempted to explain the observed 

angular isotropy by introducing a spin-orbit coupling m the nuclear interaction. 

Christian and Noyes (1950) have used a combination of central and tensor 
potentials. The central potential is a square well of range 2.6 * io“ • eras. 

and the tensor potential is of the from V , with R = 1 6 * 10 1S eras. ; 


y _ ± 18 MeV. Their curve, however, rises stea lily and rapidly below 40 . 
They also have plotted a curve for which the tensor tenn is of the Yukawa type 
and also another curve for no tenso. potential. Their curves clearly show 
that the tensor term not only flattens the curve, but also raises the 

* Now at RavenshawCollege, Cuttack 
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value of the scattering cross sections at large angles. Furthermore, the 
singular tensor curve ^- 1 - -singuiai ity^ is flatter than the Yukawa tensor 

curve. In the present paper, the central term has been omitted altogether, 
thus allowing scattering to take place in the triplet states only. Further- 
more, a potential with -^-singularity has been tried to investigate the 

r 

effect of radial dependence on the cross section. As will be seen, the term 

with * - singularity shows considerable variation of the differential cross 
y* 

section with angle ; and hence it is not likely that the Yukawa tensor 
potential will give isotropic scattering. Hence it has not been tried. 
Jastrow (1951) has attempted to explain the high energy proton-proton 
scattering taking an interaction consisting of a hard core of finite radius in 
the singlet state in addition to an exponential radial dependence outside the 
core ; and a triplet potential consisting of tensor and exchange terms in 
addition to an exponential radial dependence. So far, his calculations seem 
to fit the experimental data best. The existence of a hard core of finite 
radius is, however, questionable on the point of view of relativity. 

In this paper, proton-proton scattering cross sections have been 
calcutated in the centie of mass system taking the potentials 


_/ 2 

1 

A 7 

4- 


. .s„. v .. 

.. uj 

A r- 

s 

• ’ 12> A.V 

... (2) 


where / 2 is the coupling constant, the tensor operator 


3( cr i- r )( (T 2-r) 


— (cr,.fr 3 ) ; rr 1 and denote the spin vectors of the two protons taking part 

in the collision ; r denotes the vector joining the two protons ; and 
A= 1.3 x io~ ,n cm" 1 . 


M n T H O l) O V C A LCIILUION 

Horn approximation has been used for the present calculations, the 
method being given by Ashkin and Wu (1948). As the above paper gives 
a fairly exhaustive treatment of the subject, some of the details of the 
method have been left out here. 

Accoiding to Born approximation the scattering matrix of proton-proton 
scattering (without exchange), for a potential of the from K = r) is given by 

S = <f>) y ... ( 3 ) 
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\v 


here = rj< 


sin K i __ 3/Crcos /\ / — sin /\ r 
Kr (Kr)' 


eft, 


where 


K — 2 k t in ft/ 2 and k 2 ~ 4TT 

h~ 


(4) 


... (5) 


M is the mass of the prof on ; /•. is the energy of the incident proton in 
the centre of mass system and ,'m." is defined by the equation 


* 1 




... (5* 


where and v»n." are the spin eigenfunctions 


and 


^(0. 0) ~« r i. (r 2“ o (f r Wo* M • W« ' M 


o-,, w 0 — m and ft-.,, 12 o w being the components of and <r 3 in the diicc- 
tion of momentum transfer. The values of the matrix elements 0} 

have been tabulated by Ashkin and Wu as also by Burhop and Yadav (ujjo). 
ft and 0 are the polar and azimuthal ancles of the scattered direction witli 
respect to the direction of incidence. For proton-proton scattering, due to 
exchange, the scattering matrix will be modified to 


Sw . 'm /'(&, d>) — S'ni/nt 0) — S'm ,'m ,"(x ~ ft, tt-mF) ... (O) 

tiie negative sign appearing because here scattering takes place in the triplet 
state only. 

The triplet scattering cross section is then given by 

tr t =- A i ^ Shi , ‘hi /' ~ (7? 

m . ' hi . " 


'i lie total cross section is therefore 

ri=J . cr, i ^ Sm.’m/' 2 


( 8 ) 


This reduces to 

( r = 6 fv J ) -UW + Cf- -#| 3 + C*(«)t'(ff- 0 )' 

7 i z I I \ 

For the first potential 'eq. 1), we have 

-{%■* A ; ,a “ 

Similarly for the second potential 


-1 l< 


r Wl _W M I . I \ + A 3 

_ 4 -\ i ' Aa l 2K i \2K 2 K” 

Accordingly, the differential cross sections are 

, J_( M f Vjj 3* _/V + i_. \ 

<r ‘ ‘ A s \fc 2 ’ 4 *) \\ 2/C 2 \ 2 K* 2/v / 
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where K'=2k cos 6/2. 


R Ii S U Iv T S 

A preliminary analysis of the calculations reveal that < r 2 shows much 
less variation with angle than o- 1 . The magnitude of f is adjusted so as to 
give the best agreement between the theoretical and experimental results 
and its value is taken to be 2.642 x io -1 7 ergs. cm. For proton energies of 
345 Mev, the numerical values of the differential cross sections < r, and <r 2 are 
given below. 


! 

in degrees 

in io'* 7 cm®/*- ter Julian 

*r. ; 

in 10 2,7 cm*/sten 

1 

20 

! <>3 6 5 

4 061 

-5 
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40 

.05810 
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45 
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50 
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60 

•07154 
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65 

.07564 
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.0^77 
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2.949 
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.08307 ; 

2.934 
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hi the accompanying graph (r 2 as well as Jastrows curve for 345 MeV 
proton-proton scattering have been drawn. The circles given there denote 
the experimental values of Chamberlain cf al . It may be seen that <r 2 fits 
more closely with the experimental points than Jastrow’s curve. At present 
however, it does not appear appropiiate to say that the potential V 2 chosen 
in this paper does give the exact law of interaction between protons at high 
energies of collision : the reason being that the experimental data are not 
sufficiently reliable and the calculations of the author have been performed 
in the non-relativistic approximation. All that can be said is that of the 
chosen potentials, 1C can account for the angular isotropy of the differentia) 
cross sections to a great extent. Furthermore, it remains to be seen what 
justification the chosen potentials have in the light of a field theory. 
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Plate XX 

ABSTRACT. The fading on pulsed transmission is known to be due to interfernce 
between waves scattered from local irregularities in the ionosphere, the irregularities 
having both random and steady motion. The nature of the fading pattern indicates that 
a large number of irregularities is involved 'n the process. Rut, under favourable 
conditions, it is possible to detect a single cloud in the ionosphere, the fading of the 
received signal being caused by its bodily motion with the existing wind velocity. 

In a previous communication the author (Mitra, 1949) has described 
how the wind in the ionosphere could be investigated by a study of fading 
on pulsed transmissions as recorded simultaneously on a system of spaced 
receivers. The fading is supposed to be due to interference between a large 
number of wavelets diffractively scattered from local irregularities in the 
ionosphere. A wind in the ionosphere causes these irregularities to be 
bodily moved and the fading patterns as recorded in a system of spaced 
receivers are similar in nature but show a time-shift with respect to one 
another. The velocity of the wind could be obtained from the time- 
shift. A random motion of the irregularities amongst themselves 
causes the fading patterns to be dissimilar and when the random motion 
predominates, the time-shift caused by the wind is difficult to be determined 
due to the dissimilarity between fading patterns. Experiments have indicated 
that when the distance between any two receivers is of the order of a 
wavelength, the presence of a wind could usually be detected from the fading 
patterns except when the fading becomes too rapid under disturbed iono- 
spheric conditions. The investigation of fading by pulsed transmission has 
shown that under favourable conditions, it is possible to deduce from the 
fading pattern, the motion of a single cloud in the ionosphere. 

The nature of fading pattern caused by the interference of scattered 
wavelets is usually random without any noticeable periodicity. But in the 
absence of irregularities in the ionosphere, the down-coming wave will not 
‘fade’ and the received amplitude will not vary with time. Let us assume 
such an idealised condition when the echo amplitude remains steady. We 
then enquire what happens if a siugle cloud comes within the receiving 
zone and moves past with the existing wind velocity. There will be inter- 
ference between the wave reflected from the ‘smooth’ ionosphere and the 
wave scattered from the cloud. The resultant amplitude at any instant 
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will depend upon tlie phase difference between the scattered wave and the 
wave reflected from the ionosphere. 

The problem may be studied in another way. A single scattering cloud 
behaves as a radiating antenna and will have a characteristic polar diagram. 
The polar diagram, however, will depend upon the dimension of the cloud 
in relation to the wavelength. The situation is simplified if the back-ground 
reflection is due to the radiation emitted by such an antenna in that case 
the polar diagram becomes the same as that of a horizontal antenna 
radiating some distance above the ground and the ground is regarded as a 
perfect reflector. In oui case, the ionosphere is the ‘ground’ and the 
radiating cloud becomes the ‘horizontal wire antenna *. In such a case, the 
polar diagram will consist of several minor lobef placed symmetrically round 
a major lobe in the centre. Now, if this pattern is being moved bodily, 
the intensity of the radiation at the receiver will go through a series of maxima 
and minima roughly equally spacer* and the variation of intensity with time 
will be periodic. When the radiating cloud goes out of the “contributing 
zone” for the receiver, the intensity at the receiver will again become 
steady. Thus, if a periodic fading pattern is observed preceded and 
followed by steady signal, the pattern may be interpreted as due to a cloud 
moving past in the ionosphere. It should, however, be ensured by using 
polarised receiving aeiial that the periodic fading pattern is not due to an 
interference between the two magneto-ionic components (Mitra, 1910). 

Such types of rather ideal fading patterns have been observed in the 
author’s (Mitra, 1949) spaced receiver experiment on only a few occasions. 
It has been observed that for some time the echo amplitude was remaining 
more or less steady and no shift was being shown between the fading 
patterns at the spaced receivers. Then the periodic fading started which 
lasted for a short time and then the amplitude became steady again. Figures 
1 and 2 (Plate XX) show a typical example. (Figure 2 is the continuation of 
the fading pattern shown in figure 1). It will be noted from these figures, that 
the echo amplitude was small but steady before the periodic fading 
started. The periodic fading lasted for a little more than one and a half 
minute and after that the fading became steady. The three patterns at 
the three receivers are very much similar in nature and the steady shift 
between the fading patterns could be easily noticed from the record. The 
velocity of the wind can also be calculated from the shift which comes to 
about 80 m/sec., its direction being towards SSE. 

An ideal condition of a horizontal radiating antenna representing a 
scattering cloud cannot be realised in practice. Complications will arise due to 
the back-ground reflection and the true polar diagram for such a system. 
Nevertheless, some useful informations, although approximate, can be 
obtained from such a periodic pattern. 

It is known that the number of lobes in such a system of horizontally 
adiating antenna is equal to the total number of half- wavelengths contained 
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within the length of the anteuna. In the present example, the total number 
of maxima (each maximum corresponds to a lobe) is 14. Thus, the 
horizontal length of the cloud is about one kilometre (wavelength used was 
75 metres). Moreover, the total time of the periodic fading gives an idea of 
the diameter of the “contributing zone,” by which is meant the horizontal 
distance the cloud will have to go before the radiation from the cloud ceases 
producing any effect on the received intensity of the down-coming wave. 
Knowing the speed with which the cloud is moving (wind speed), the 
horizontal distance comes out to be about 10 km. The height of reflection 
was about 250 km ; the diameter of the first Fresnel zone for a 75-metre 
wave is of the older of 9 km. Thus, the assumption that when a scattering 
centre is outside the first few Fresnel zones, it has negligible contribution 
to the intensity fluctuation of a down-coming wave (Pawsey, 1935) is 
approximately satisfied. 

In the course of his investigations on fading using pulsed transmissions 
and a system of spaced receivers (Mitra, 1949), the author has found that 
such types of periodic fading of the down-coming wave, implying the motion 
of a single cloud in the ionosphere, are rarely observed. Most of the fading 
patterns do not show such effects and are mainly caused by interference of 
waves scattered from a number of irregularities. The presence of a single 
irregularity in the form of an ion cloud within the “contributing zone” 
is rather a rare occunence. But when such phenomenon is observed, it 
gives information regarding the size of the cloud and the area of the 
“contributing zone'’ which otherwise would be difficult to determine. 
The origin of an ion cloud is not yet definitely established but the ionized 
trail left by the passage and evaporation of a meteor may constitute such 
an irregularity in the ionosphere. 
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Plates XXIA-B . 

ABSTRACT. An experimental verificati ’it of the theory on the transient tesponse 
of a pulse amplifier so far as the reproduction of the fiat top of a pulse Is concerned, is 
presented. This paper indicates the error in assuming the plate current of a pentode to be 
an exact replica of the input pulse. The sag in plate current is considerable if the RC 
time constants are not properly chosen. 


INTRO I) PCTTON 

In a previous communication (Bhattaeharyya, 1953) we have studied 
theoretically the influence of the interactions of the cathode, screen, plate 
and grid circuits on the reproduction of the flat top of a pulse in a pulse 
amplifier. Expressions for the overall response of the amplifier circuit were 
developed after following a careful examination of the interactions of the 
various circuits in two different ways. 

In the first method of analysis we derived the formulae of the 
reduction factors in the overall gain of the amplifier due to voltages produced 
in the screen and cathode circuits. These reduction factors were employed 
to determine the actual current flowing in the plate. 

In the second method the total curreut in the plate was taken to be the 
combination of currents resulting from three voltage sources, (t) the input 
voltage e„ at the grid, (ii) the voltage c,„ developed across the screen impe- 
dance and (Hi) the voltage crc developed across the cathode circuit. 

When the actual current that is flowing in the plate is known, the 
output voltage can he easily determined by a nodal analysis of the plate 
circuit. 

This paper presents an experimental verification of the theory given 
in the previous publication (Bhaltacharyya, 1953) for developing the 
response functions of the amplifier. It has been demonstrated clearly 
that the sag in the plate current due to two RC circuits in the cathode find 
screen is considerable if the time constants are not properly chosen. The 

* Communicated by Sri B. M. Banerjee 
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sag in the output voltage is still greater due to the C ,,R„ circuit in the grid. 
This can be reduced to a great extent if decoupling circuits are used in the 
plate. 


THKOR IS TICAL DISCUSSION 

In this section we shall deal with the theoretical response functions 
which were derived in the previous publication and a few modified forms 
of these functions. The basic amplifier stage is shown iu figure i. 



Plate current response : 

In the first method of analysis the plate current is given by, 

• • _ ( a — b ') (a*-a„b' + b ,s ) yt ( q-c) (qg-a„ c + c a ) , 

" b’cd ( - b') (c - b') (d — b') < -c) (b'-c) (d-cT ' 


(a - d) (a * - a 0 d +_d 2 ) / * 

(-d) {b'-d) {c-d) 

where, 

b — (r , „ + R , (,) / 1 , u C t u R , f, j 
* — i / RkCh j 

a 0 = a + r, ^ ••• ( 2 ) 

c + d=b' + r+ gmi’Cn ’ 


and 


cd = b'* + agml Ck 
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... < 3 > 


Now the first term a y /b cd in equation (i) can be writteii as 

FFt ~ _ a* 

h f cd b f ( b' + agmRii) 

So with the variation of the value of the cathode capacitor this factor will 
not change. 

If the second method is followed, the plate current is given by 


* P — + gmVCn ,, + g k C t 


where 

£«• = transconductance of the plate with respect to grid — 0/^;' dc„ 

^ms — transconductancc of the plate with respect to screen grid — Bip/oc, tJ 
g K = transconductance of the plate with respect to cathode— -0/ /# /0r* 
c a — input voltage at the grid. 

= voltage developed across the screen circuit and 
e K = voltage developed across the cathode impedance. 

Now for all practical purposes we can assume that 


CD 


£*= - gm 

liquation (4) can now be written as 


... (5) 


^ /*, (K + 1} a_ _ g 

g,n Ck Ur, ' W.I* gm 


( < <J * .1 f/ 


ft — m 




Ocr 




+ 


( « 7 1 .« v 

«, f A r + 1) 


( 1 - v / »z) 


A"' j . . 1 (, - V/ H , + + i} (.-«/«> 

h — m g„, C , „ r , „ c. a* z , „ J 


where ( — m) and ( n) are the root* of the equation : 

p 2 + 2 b P + w 0 2 - C> 

2b and cj 0 2 are given by 


2 b 


and 


(/(R, „C, „ + R k ( ' A 1 + R. U R kCk + j i +haK+ 1 )\Ri<R,,X, 

I\ 1 t j j </ A a C /\ r x f/ 

„ + R,„ + Rfth + /‘.(R + ^ 

R,„C „ „RaC a' ^ * (/ 


We shall now consider a special case when 6 a is removed altogelhei . 
In the first method ot analysis the factor B which arises due to the presence 
of RkCk circuit in the cathode, may be neglected and the response is given 

by the function 


. / _ a (a — b‘) . f/ t 

h'tgm h , h > 


</) 


In the second method if the contribution of ck towards the increase of 
sag in plate current is assumed to be negligible due to the absence of C k, 
the plate current response can be written as 

it =1-- (x 


= i 


( 8 ) 
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Since the magnitudes of the screen resistance R , Q and the screen by- 
pass condenser u are generally very high, the time constant R, u C tff is 
almost alvxays very large. But in the case of the cathode circuit, a veiy 
large value of Ck which is practically not obtainable, would have to be 
chosen in order to make RkCk time constant large, since the value of Rk is 
usually ver3 r small. Due to this reason, the variation of plate current 
response with the change in Ck has been studied both theoretically and 
experimentally. Plots of plate current for different values of Ck have been 
given in figures 2. 3 and 4. The experimental plots have also been included 
in these figures for the sake of comparison. In every figure the responses 
for two separate values of Ck are drawn in order to show clearly any 
alteration in response with change in the value of Ck. 



Tine in milliseconds ► 

Fig. 2 

Plot of plate current with time 

(a), v dJ — for the first method ((>), {e ) — for the second meth »d (C), (f)— experimental plots 



Time in milliseconds 

Fig. 3 

Plot of plate current with time 

(a), (d) — for the tirst method (b), (e ) — for the second method (c), (/) — experimental plots 
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Fig. 4 

Plot of plate current with time 

(a), (d)~ for the first method (b), (c) — for the second method (c), (/)-- experimental plots. 

The values of the circuit elements aie chosen to be J^ 8(/ ~ 6 oKi 2 , 
C'sg =2/ifd and = 180 12 . The tube constants have been determined 
experimentally and are given below : 

g m = —gi< = 9000 mhos, gm'2 = 206 // mhos 
r a(/ = 25K ft, /a, „ =62.5 

It is evident from the plots that the response improves definitely as we 
increase the value of Ck. The best possible response can be obtained at the 
cost of gain, if Zk is purely resistive. 

Output voltage wave- form without compensation . 

In the first method ot analysis, the output voltage response is given 
by the expression : 

(a-ft)(a*~a 0 ft + ft*) A (a_^ b^Mav^aobf + b r [) r - ln 
(b' - ft)(c - fi)(d - ft) (ft - b')(c - b')(*‘ - h') 

(a — c)(a* — _a 0 r + c 2 ) (a — d) ( a'J- — a„d + d‘ 2 ) _ (q) 

(P-cHb'- c){d-c) * (ft- d)(b' - d)(c-d) 

where ft—ijR ( ,Cu 

If the second method of analysis is applied, the normalized response 

can be written as 

+B«" N, + 6r* f ... ho) 


A — 1 + 


f J -sgm 2 

gtn 


_ [ tzH + Hi { K — } 03 - a) 

C , q r , r , Cur r, r/ 


1 

(tn — ft)(n — ft)* 




+ iif/JLti J f m - a) 

gm 0 * a r * u Ck T % ft 


1 

(w — ft)(m — n) 


where 
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c- !iia. - . 

gm c ,„r,„ Ck r»„ \P~ n)(m — n) 

The output voltage wave-forms have been plotted in figures 5 and 6 
for different cases. The values of the circuit elements are chosen to be : 



Fig. 5 

Relative output response curve (without compensation) 

(a), <d >- for the first method (b). (e)— for the second method (c), (/)- experimental plots. 



Time in mitiieecends — 

Fig. 6 

Relative output response curve (without compensation) 

(a), (d) — for the first method (b), (e) — for the second method (c), (/) — experimental plots 
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Rk — 180Q, R , u =6oK 12, C su — 2fAfd f 
R i = ioK il, C if = o.oi/jtfd and R i; = 25 oK12. 

Output voltage wave-form with compensation : 

When decoupling networks are used, the response is given by the 
following expression in the first method of auatysis : 

/f*) = -4 + A ... (ri) 

where 

7'= 1 R' =- 1 -y = 1 

R a C„’ R,,C., £iC,, ’ 

. _ (y' + /3' — *')(a — ■x'';'*' 2 — a 0 a' 

j _ v'(a -,8 )(/?' z — a„/ 3 ' + a*) 

'' 2 ly'-(i')(b -{i',( c -fi')( d -(3') ’ 


(y' + 0'-b'»fa-6')!6' , -a ft b' + a*) 

' !*-¥)< fr-b')(c-b')(d- b') ’ 

. _ (y' + - cKa -fijc* — a„c + fl^j 

1 (a r - c) (( 3 ' - c)(b' — c)(d — c) 

an ^ _ (y + /?'_— d)(a — d)[d 2 — a 0 d + a«) 

( y.'-d)(ft’-d)(b'-d)(c-d ) 

With the help of the second method of analysis, we can show that the 
step-function response /(L is the Laplace transform of 

,,, , , _ (p + y' + p') /*, i ,>2 _ (P + *) ■/> + y ' + f* ') 

** (p + o.')(p + \V) g,,.C, u r,„ ‘ (/> + m, '(/> + *)(/> + *')(/> + £') 

__ fi $ (K + i) (/> + a.)(/> + y + _ ( I2 j 

CV r,„ (f> + »»)(/> + n)(p+ r'Ap + [i' I 

so /(f) is given by the equation 


where 


D _ (y + ft' - 7 .') __ ly+ ft'-q') 

” ’(ft'-*') (ill — q')(« 


M./TmS * 1 + 1 ' (a — a') 

C,„r. u Lr< r, v 


y y 

(7'-ft') (iM-ft')(» — p')(*'-p') 


A^ZJO (a -ft') 

jPm C, u r, v Ck r • u 
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and 


(y'_+_{J' — m ) 

(«' — m ) (p' — tn) (n — m) 

l,gmZ (* ~ >» + 

(- * t/T t p (■ K T t it 

lv / 4- \i' — n) 

{*' - w)(p' — n |/r »n — n) * 


Psgmz t*- n) , . ( /< + ..?) (fl-n) 

iTw L s qV s y (" K t A u 

The nature of the decoupled output voltage is now shown in figures 
7 and 8 for the case a' = y'. The slope of the response curve at f = o is 
practically zero when the capacitance across Zk is removed altogether, 
because in this case the sag in plate current is not very appreciable. It is 
known (Bhattacharyya, 1953) that if a step-function current pulse is assumed 
to be present in the plate of the amplifier, a' = y' is the condition which is 
to be satisfied to obtain zero slope at /== o in the reproduced output pulse. 

The values of the circuit elements chosen are 

R/=2K fi, Rj = 15K £ 2 , t\/ = i/xfd, C „ = o.oi/*fd, 

R„ = 2ooK£l, jRk = i 8 o£ 2 , jR t<7 = 6 oKl 2 and = 2/*fd. 



Fig. 7 

Relative output response curve 
(with decoupling network) 

(a) , (d) — for the first method 

(b) , (u) — for the second method 

(c) t (^—experimental plots. 
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Fig. 8 

Relative output response curve 
(with decoupling: network) 

(a) , (d ) — for the first method 

( b ) , (e) — for the second method 

(c) , (/) — experimental plots. 

The effect of increasing the value of the coupling condenser C u is 
shown in figures 9 and 10. The values of the circuit elements are : 

Ri~Rd~ 5K 12, (V“ i/*fd and R u — 300K 12. 



Fig. 9 

Relative output response curve 
(with decoupling network) 

(a) , (d ) — for the first method 

(b) , ( c ) — for the second method 
(C), (/)— experimental plots. 


6 — 1832P — 11 
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Fig. io 

Relative output response curve 
(with decopling network) 

(a) , ( d ) - for the first method 

(b) , ie) — for the second method 

(r), (/) — experimental plots. 

EXPERT M K NTH P R O C E D IT R E 

In order to study the response characteristics of a RC-eoupled amplifier 
to a flat top pulse, it was necessary to generate a rectangular pulse with its 
top perfectly flat. Model 50 pulse generator described by Klmore 
and Sands, (1949) is suitable for this purpose. A similar pulse generator 
was constructed. The pulse generator furnishes flat topped pulses of 
duration 5. 33 milliseconds. 

The amplifier stage ^figure 1) utilises a tube type 6AC7. 

The negative pulses from the univibrator of the pulse generator were 
used to drive the sweep and the voltage wave-forms were applied to the Y 2 - 
plate of a Cossor double-beam oscilloscope (Model No. 1035). The Y x - beam 
was utilised to show the base-line of the reproduced pulses. Oscillograms 
were taken with the help of a plate camera. 

When there is only a load resistance Ri in the plate, the shape of the 
plate point voltage is an exact replica of the plate current wave-form and so 
in figures (ii), (iii), (tv) and ( v ) we have taken the oscillograms of the plate- 
point voltages for the various conditions mentioned in Table I. 

The following cases mentioned in Table I were shown in the oscillograms 
{see Plates XXIA, B) : 



BHATTACHARYYA 


PLATE XXI A 
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PLATE XXI B 
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Table I 


No. of 

Values of the circuit constants : 

Nature of 
the pulse 

Figs: 

Constant parameters 

V ariable parameters 

<«> 

i 


Input pulse. 

<ii) 

R 60K Cl, 

Rk = iSu Cl. 

Ck *8oftfd 

Plate current. 

(iii) 

1 » 

Ck * 330 A<fd 


<iv) 

s 9 

Ck ^6330/ufd 


(V) 

tt 

Ck Amoved 

a 

(V!) 

R,„ - 60K ft, C ig = 2/ufd, 

Rk =180 ft, C 9 =0 oijufd, 

R u ~ 250K , K’i= 10K. 

Ck *»8o/ufd 

( >utput voltage 
without compen- 
sation. 

(vii) 

, 

1 » 

Ck = 33 f>Mfd 

9 9 

(viii) 

: 

Ck -6330/ufd 

• 

(ix) 

R , =rsK ft, K — 1 5 K ft 

C^ — j/mCd, C\ =0 oiftfd, J\ „ — ^ooKft 
Other parameters same as before. 

C ~8o/ifd 

Output voltage 
with 

compensation. 

(x) 

t » 

f ' «- 330 Mfd 

.. 

(xi) 

9 1 

Ck removed 

} t 

(xii) 

Rt—^KCl, U., == 5Kft, 7 \\ / =- 3 ooKft 

C«i = 3Atfd, C K = $(\ofrtd, other 
parameters same as before. 

C „ =o.oi/ufd 

1 » 

(xml 

t » 

^ = 0.05/x fd 

a 

(xiv) 

» 1 

C, f =o.i/ifd 

1 1 

4- 


oiscrssio N 

The flat-top pulses were generated with a very low repetition rate 
so that it may be safely said that there is negligible influence of the previous 
pulse on the response of the amplifier to the in-coming pulse. 

(a) Plate current response : The sag in plate current is mainly due to the 
R k Ck combination in the cathode if the R,,/C llt time constant is sufficiently 
high. This is shown in the four cases both experimentally and theoretically. 
That the theoretically plotted curves and the experimentally obtained 
responses tally with each other, may be seen from figures 2-4 where 
the experimental points have been accurately measured in the oscillograms 
by a travelling microscope. 

All figures indicate the error which is often done by assuming that the 
plate current of a pentode is always constant and is an exact replica of the 
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input pulse. The sag in plate current is above 50% if the cathode by-pass 
condenser is not suitably chosen, [ cf . figure (ii) of the oscillograms]. 

(b) Output voltage wave-forms without compensation : The sag in 
plate current actually causes the output voltage wave-form to become slightly 
negative in the end. If the C 0 R„ time constant is not sufficiently high, the 
mere increase of the value of the cathode capacitor cannot improve the shape 
of the wave-form very much. 

It is found from a comparison of the calculated and experimental values 
(figures 5 and 6) that the theory and experiment are in very good agreement 
with each other in this case also. 

(c) Output voltage wave-forms with compensation . The sag present 
in the output voltage wave-form may be compensated by a decoupling network 
in the plate. There is a considerable improvement in the response of the 
amplifier which can further be modified for the better by inserting suitable 
by-pass capacitor in the cathode or removing it altogether [figures (ix)-(xii]. 
This has been predicted by a study of the plots of the lesponse functions 
derived theoretically. A comparison between the calculated and the 
experimental values may be made with the help of figures 7 and 8. 

The discrepancy which is found in the theoretical plots and experimental 
oscillograms is due to several reasons. First of all, the values of the 
mutual conductance g m of the tube, the screen resistance r,„ and the screen 
amplification factor fi, „ which are so-called tube constants are variable due 
to non-linear nature of tube characteristics. The values taken for the 
calculation represent only a rational and logical "choice obtaining in the 
operating region of the tube. 

In figures 9 and 10 and oscillograms (xii-xiv) it is found that the 
output voltage wave-form shows an exponential rise with time as the value 
of the coupling condenser is increased. This is due to the fact that the 
output voltage of the network (figure 11) increases exponentially with a time 
constant RaCa if the input is a step-function current pulse. 



P'ig. 11 

Decoupling filter network 
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CONCLUSION 

It is evident from a comparison of the theoretical curves and experimental 
oscillograms that the complicated interactions of the various resistance- 
capacitance networks in the plate, screen-grid, cathode and control grid, 
must be carefully taken into account in order to have a clear idea about the 
response characteristics of the amplifier. The nature of the response 
functions as obtained theoretically closely tallies with the oscillograms. 

It may be concluded from the experiment that the time constant of the 
RkCk circuit in the cathode has a very great jinfluence on the reproduced 

pulse shapes of the amplifier. 1'he choice |n taking Ck as the variable 

element in the experiment was due to the fact that the cathode resistance is 
generally small and a condenser of very highi value is not always available. 
The time constant of the R SII C,„ circuit in the Screen can be easily increased 
by a suitable choice of the values of the components. So it was not considered 
essential to vary this time constant and study its effect on the output 
wave-forms. 

This experimental verification of the analysis (Bhattacharyya, 1953I 
presented sometime ago is concerned mainly about the matter of flat top 
compensation in terms of the transient response. It was customary to assess 
the transient behaviour of an amplifier from a measurement of the gain and 
phase functions over the entire frequency iange- That this method is not 

quite suitable is well-known and has been so stated by various woikers 

(Elmore and Sands, 1949). The methods adopted heic are not only more 
logical and direct but also far less laborious and troublesome. 
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INTENSITY FORMULAE FOR BANDS INVOLVING HIGH 
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ABSTRACT. I 11 continuation of the author's previous work on “2— 5 2, *5— ®2 transi- 
tions, intensity formulae have been derived for the rotational lines of bands due to 
the transitions !> n(<i)- 5 2, 5 n(b)-»2 ; *n(a) -’nfn), Hi (a) — «n(l>), and ‘■n(b) - s n(b) ; and 
Hi (a) -Hi (a), *n(a)-*n(b), and «n (b)-m(b). 

I N T R C) I) U C TION 

In this paper which is a continuation of an earlier one by the author 
(1953), expressions are derived for the intensities of the rotational lines 
in *11 — ®S and * 11 - "II bands. Incidentally as the calculation of the 
intensity distribution in the rotational structure of Ml — 4 II bands has not 
been previously attempted, expressions are derived for the intensities of the 
rotational lines in these bauds also. 

THEORY 

We can approach the general intermediate case of coupling, starting 
either from case (a) or case ( b ) (Hill and Van Vleck, 1928). If we start from 
case (a) the procedure will be simplified to a great extent, as will be evident 
from the following calculations. The general procedure will be similar even 
if case ( b ) is taken as the starting point. If q„ is the amplitude matrix 
for the case (a) - (a) transition and q, that of the general case, we have 
from quantum mechanics the relation 

q = S'q a S"* 

where S' is the transformation matrix of the initial state from case (a) to the 

general case and S H * is the matrix obtained by transposing the columns of 
the complex conjugate of S", the transformation matrix for the final 
state. The elements Si/, of S are obtained by solving the set of simultaneous 
equations 

WVS„- 2 (fe, r)S.fc-o 

where i, i' and k assume all values of K consistent with a given set of 
values for A, J, and S, i.e., i, i\ fe® i (/— S) J, (/ + S-i), (/+S) and 
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tVa are the energies and the elements of the energy matrix for 

the particular state under consideration, the energy matrix being obtained 
by starting from case (a) coupling and introducing the effect of molecular 
rotation on spin as a perturbation. Kxprcssio&s for these elements have 
already been derived by Van Vle:k Uq 2 q). 

CALCULATIONS AND R K S T T b T fc> 

As expressions for the iniensities of the individual band lines will be 
extremely complicated in the general case, expie$sions are here deiived only 
for the limiting cases. As such, we recognise three types of transitions, 
namely, transitions in which both states belong to case (a), those in which 
both states belong to case (b) and those in which one of the states belongs 
to case ( a) whiie the other belong- to case fb). When both states belong to 
case ( a) the intensity factors i, (which are identical with the squares of the 
absolute values of the amplitude matrix elements, i.<\, I ij„n * ) are calculated 
directly from the Hbnl-London expres- sions given below by substituting 
the proper values for 12 and 5 occurring therein. 

For All = <> with A/-n, z- 2 ( 2 /-h i)<l 2 fJ(J + i). 

For Ail — o with A/ = ± i, / — 2 (/ 2 — LV)/J. 

For All— ± i with A/ = o, i = lz) h i)(J 4 12)(y -12 -hi )/J(J h i). 

For AQ ” +t vvith A/ = All, /= (/ 4 12)(7 + 12— i )/J. 

For A12= ±i with A J= -A12, f i)/J. 

For tiansitions in which both states belong to ease (b), the method 
adopted to calculate the intensity factors is the same as that used for bands 
with 2 — 2 transitions. Fh is method ha*> already been desciibed in detail 
in Parti of this scries. The Soinerfeld“II<‘ml expressions tor case A/\«o 
which are not given in the previous paper and which are required for these 
calculations are given below. In these expressions as well as in the above 
Honl* London expressions it is to be noted that the higher of the two J\ or 
/v", J' or and 12' or il ff are te be used lespcctively for A\ / a ml 12 
occurring tbeiein. 

For A K = o vvith A / = <>, i~(2l< hi ) ( a/ H)[/(/ + t) + /\(/C + i) 
~S(S+l)VjK(J+l)(K Tl) 

For A/v =o with A/= ± /, i- L>/\ + i ;[ (J + 1< )(J + I< •' i)~S(S + i) J ,/Vi 

[Ms> u-lj-K-i)(]-K)V l2 /jr<iK hi) 

For transitions from a case <a) to a case lb) state the method outlined 
above is applied. If is to be remembered that for any case (a) state the trans- 
formation matrix is the unit matrix, so that the expression for q,k is given by 

J')=Zq*.m(r,J')Sk„W) 

m 

Herein we see the convenience in starting from case (a), for, since the q a 
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matrix is diagonal the summation over m, in the expression for q k is removed, 
which would not have been the case if we had started from case ( b ). Thus 
the above equation is simplified to 

so that the intensity factors arc given by 

*~l q^J'.J") l 2 = [«.„(/', J")] 3 [Su(J")Y 


The [q<ui(J',J")Y arc the intensity factors for the case (a) — , a) transition and 
hence have been derived already. For the purpose of determining the 
transformation matrices S, the case (b; energy values, given by the general 
equation 

W = BK{K + i) -BA 2 

are used, the different energies being obtained by putting K = \<J — S) l, 

| (J-S + i) |, (J + S). The elements of the energy matrix are determined 

from the following equations (Hill and Van Vleck, 192S). 

H&,2) = A\-Z + B[J(J + i)-(A+Zy 1 ]+B[S{S + T)-2 l 2 ] 

H(S,a±3)-B[7(; + i)“(A.+3)(A+S±i)]'/*[i , (S + i)-S*]*/» 

The transformation matrices are then obtained for the three states 5 2, 
5 ll(b) aud 4 IHb), by substituting for the energies and the matrix elements 
the expressions obtained as above it: the set of simultaneous equations 
and solving for S,i c . The matrix for the '‘11(b) state is given below as an 
illustration. 

S[ 4 II(b)] = 


(^f 

( 3 r 27+i ) \ 1 ( _ _!i L±5)* \ 

\ i6(/ + 1 ) / Vi6(/+i)( 2 ; + i)/ 

1/2 % i /a 

73(27+ 0 \ / 12 
V 16J ) \i 6(27 +.i)J 1 


( _ 2 i_ + 5) ^ 1 ( 3 (27+5) \ 

\i6(7+i) / Vi6(7+i)/ 


( 3 f 27_+ 3H2 7-5) \ 1 
\ 167(27-1) / 


"’(r 


167(27-1) 

(27 + 3) (2J-7Y 

6(7 + 1) (27 + i){2] — 1) 

/ ( 2 7+ q) 3 ( 27 - 1 ) \ 1 ' 

\i6( 2 7 + .-i ) f 2 7 + 1)7 / 


>,16(27 + 3)^27 + 1)7 

/ 3 ( 27 + 51 ( 2 7 - 1 ) V 
Vi6(27 + 3)(/ + i) ' 


1)2 


/ (2 7 + 5) (27+3) V /2 
\ 167(27-1) / 




3 (27 + 5)(27 + 3)(a7~3) \ 

\i6(7+ x)( 2 7 + i)(27-i) / 

( M±sMr. r) i 2 /— 3) V 

\ 16(27 +3) (27 +1)7 / 


. .1/2 

(27- 11(27 -3) \ 
16(2/ + 3>(/ + l) / 


The final intensity factors in the limiting cases for the s II- 5 5, "II — R H 
and 4 Et — 4 II transitions are given in Tables I, II and III respectively. To get, 
the actual expressions for the intensities of the individual band lines these 
intensity factors have to be multiplied by the respective Boltzmann factors. 
The following conclusions can, however, be drawn from consideration. 
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Tabi.e I 

Intensity factors for 'll — hands 


Branches Intensity factors 


®n — > ®s 

®2 — > ®n 

*n(a) 

*n((») 

PAD 

Ri(I-i) 

( 7 + 2 )»( 7 +i)* 

4(2/+l)/(2/-l) 

(2 / 1 1) (7 — 3 > 

(2/ — 3) 

{?.(/) 

CiV) 

( 7 + a)*(/-i) 

4/(27- 1) 

(/+1H2 /+!)(/ — 2) 

77-1) 

R AD 

P ,( 7 +i) 

(/- 4 _ 2 l/( 7 -l) , 

4 ( 2 / + i)( 2 /— 1) 

(2/ f.O/ 

(27-1) 

«Pai( 7 ) 

( 7 -i) 

( 7 +i)*( 7 — 1) 

2 ( 47 + 1 ) 

I2/+1M2/-I) 

7 ( 7 -i) 

n Qn U) 

p 2ia(/) 

( 7 +IK/-I) 

(af—l) 

2 ( 2 / + I ) 
(2/-l)(i-l) 

p 0.a(/> 


( 7 + 3 )*( 7 + 2 )*( 2 /+i)( 7 -i) 
s (7 + i>/( 5 /+ 3 )« 7 *+ 2 /-‘- 3 ) 

2(2/ + 1) (7 2) 

/(-» 7 - 1H/-1) 

QRnd ) 

Gpaltf+l) 

(/ + 0 *(H- 2 )/( 7 -i) 

2(2/ + 3) 

2 ( 7 + 1 ) ( 57 + 3 K 7 *+ 27 + 3 ) 

( 7 +i )7 

PAD 


( 7 + 3 )*()+i)< 7 -i) . 

2( 5 H 3) ( 7 * + 2 1+3) 

( 7 +i)( 27 + 1 )( 7 - 2)* 

‘ 7 (27-1) (/- 1) 

QAD 

£?*(/) 

(/ + 3 ) , (*H.i) , 7 " 1 ). 
2(57+3) (/1+27+3) 

12M i)</*- 3 > ! 

(/ + i) /*(/-i) 

RAD 

P*(/+*) 

U + 3)*/ (/ — >) 

2(57+3) ( 7 *+ 27 4 3) 

(/4 2) (2/ + 3) (/—l) 

(27 + 1)7 

«P »(/> 

9 R»(/- 1) 

3(7 + 1) KJ—±ft 

( 57 + 3) '/ 5 + 2/ + 3 ) 

3(7+1) (27 — 3) 

7 *( 7 - 1 ) 

”QuW 

p fia(/) 

3 ( 7 +iM 2 / + i) 7 ( 7 -i) 

' 57 + 3 ) ( 7 *+ 2 7 + 3 ) 

3 (a/+ 3 ) (/—i) 

P ( 2 j - l ) 

P Q%AD 

B en(/> 

3 ( 2 /+l)_ 

2(27 + 3) (2 f_ l) 

3(27+3) Or 1 '* 
« 7 +j) 7 *(* 7 -i) 

QRn < J ) 

«P 33 ( 7 + 1 ) 

3/ 

2(27 + 3) (27-1) 

3 ( 7 + 2) (2 / 1) 

(7 + i ) s 7 



(/+ !)/(/— 1) 

(27+3) </+i)( 7 -i) 2 2/— 3' 

PAJ) 

Rj( 7 -i) 

( 27+3) (27-1) 

( 2 /+i) 7 *( 27 -i) 

QtU ) 


(/+-*)( 27 + 1 ) / 

(57+3) (27-1) 

(2/ H) (71 + 7 - 3 )* 
( 7 +i)*/* 

R»( 7 ) 

p 3 ( 7 +i) 

(7+2) ( 7 +i )7 
(27+ 3) f 27-1) 

(2/ +5) (7+2) 2 / (2/ — 1) 
( 27 + 3 )"( 7 +l) 2 ' 2 /+ >) 



3(7-i) (7-2) 

3(27+3)7-1) 

«p« cn 

«**</-»> 

2 ( 27 + 3 ) 7 ^ 7 - 1 ) 

( 7 + 1 ) 7 * 

* Qa(D 

P Cj 4 ( 7 ) 

3 (7+2) (2/ +1) (/— 1) . 

‘ 2(27+3) (7+’i)7(2/-i) 

3(7 + 2 ) 2 ( 2 f- J) 

(27 + 3) (/+!)* / 


7 — 1832P — 11 
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Table I (contd.) 


Branches Intensity factors 



5 2 — > ®n 

ft n(a) 

*n(b) 

p QuU) 

n Qt i 3 (D 

3(7+2) (2j+j)U+l)J 

(57 + 2) (7 , +a) 

3(7+2) (27- 1) 

(*7+3'(7+x)* 

uU) 

«P«(/+x) 

3(7+2)* (7+0/ 

(57+ 2) (7*4 2) 

3(27+5)7 
(7+2) (7+x)* 

P*{J) 

R<U- 1) 

(7 + 2) (7— l) (7-2)3 
2(57+217(7*+ 2) 

(74-2) (27-1X7 -I) 
(7+x) (®7+ x) 

QiU) 

QiU) 

(7+2)*(2f+x) (/-I) (7-2)2 
2(7+1)7(57+2) (7*+2) 

(27+1) (7* + 27-2)* 
(7+2) (7+x)*7 

R iU) 

PiU+U 

(7+3'(7+2)Vf-2)* 

2(7+1) (57+2) (7* + 2^ 

(7+ 3)*(a7+x)*7 
(7+2) (27+3) (7+x) 


QRisU-U 

(7— x) (7- 2)2(7- 3) 
2(57+2)7 <7*+2) 

2(27 — 1) 

(7 + x)7 

”Qu<J) 

p QuU) 

(7+3) (27+i)(/-2)*C r -i) 
2(7+X)7(57 + 2t(7*+2) 

2(7+3) (27+X) 
(74 : 2) (27 + 3) (/ + !)’ 

p QuU Q 

R QuU) 

(/+2)*(7-x) 

(2H-3) (7 + x) 

2(27 4-1) 

(7 + 2) (274 3) 

QRtsU) 

«P 6 4(/ + x) 

(( + 3) (/ + «)*7 

(2(+3)((+l)(2/+l) 

2 UJ - 1 ) 

(742) (741) 

PsU) 

Rn> 7-D 

(7-i) (7 -2) (7 _-?) 

4(27+3) (27+x) 

(74 I ) (2/— 1 ) 

(27+3) 

Q «V> 

QdD 

(7+3)C7-i)(7-2) 

4(27+3) (7+x'' 

(7+3) (274-1)7 
(7+2) (7+x) 

RiU) 

P«(/+x) 

(7+4)(7+3)(7-x) 

4(27+3) (27+x) 

t/44) (27+1) 
(27+s> 


of the tables. In *H — transition if the II state belongs to case (a) 
coupling the intensities of almost all the branches (main as well as 
satellites) are of the same order with the Q branches, twice as intense as the 
P and R branches, while if the II state belongs to case ( b ) only the main 
branches are present with the intensities of the Q branches twice that of the 
P or R branches. In both the cases the intensities of all the branches first 
increase with / to a maximum and thereafter decrease with increasing J. 
In *11— ®H, in all the three cases the intensities of the P and R branches 
increase with / attaining a maximum after which they decrease with increasing 
/, while the intensities of the Q branches are initially low and decrease with 
increasing / even at low values. When at least one of the II states belongs 
to case (a) the branches R Q au Q it p Q aa , °Q at and N Q 25 are completely absent. 
The intensities in the *H — 4 II bands show the same type of behaviour except 
that here no branches are completely absent, 
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For the Sake of brevity, in Fable I, the intensity factors are given only 
for branches with A/ = 0 , ± 1 , and A7v = o, ±i, while in Tables II and III 
these are given only for branches with A/=A7v=o, ± i. The expressions 
for the remaining branches are omitted as their inclusion will make the 
tables inconveniently long. 


Tabi.k II 

Intensity factors for II— II bauds 


Branch 

°n(o) —> *n(a) 

s n(a) -> r, il(6) 

fc n(b) - > *»n( 6 ) 

P i(7) 

(7 + 0(7~0 

(7+02(7-0 U-0 

(27+0t/-0(/-3) 

7 

/i (3/-1- 1 ) (27— ») 

( 27 — 3 >(/ — 3 ) 

Q if/) 

( 2/ + I) 

(7-2) 

(7+0:(27+O 

o+ 07 

47(27-1) 

7(7-1)* 

Ri(7) 

U+AJ 

(7+ 1 ) 

t/+ 2)7(7-2) 

4(27+1) (27-1) 

(27+3) / (7 2 ) 

( 27 “ 1 ) (/-I) 

PAD 


(7+07 

(7+ 1) (27+0 (7-2)* 


2 { 2 ] + | ) 

<27-0(7-0* 

Qi(J) 



(2/+O (7 2 -3 ) 4 
(/+ 1 ) 7 3 ( / — 1 )* 

RAJ) 

(/+i) 

(/+ 1) 2 

(7 + 2 ) ( 2 /+3H7-O* 

2(27+1) 

(27+0/2 

PAJ) 

(/ + !)(/—!> 

(/ — 1 ) (/ 2 + 7-3)* 

( 27 + 3 )('+ 0 2 (/- 0 s (2 7- 

I 

(27 + 3 ' 7 ? ( 27 -D 

(27 + 0 7 3 (2> — 1 ) 

QzU) 

( 2 / + I) 

(7 + 1)7 

(a/+ 0 ( 7 *+ 7 - 3 )I_. 

' (aj + 3 ) <7 + 0 *7 J ( 2 ) - 0 

(27 f I) (7*+/- 3)2 
( 7 +I ) 3 / 3 

R*(J) 

<7 + 2)7 
(7 + 1 ) 

(M 2 ) (7 2 +7~3) 2 __ 

( 27 + 3 ) (7 + 0*(i7 2 ) 

(27 + 5)(/ + 2)*/ 2 (2/-0 
(27+3)(7+O s (27+i) 

Pit/) 

t/ + 2)(7“2) 

/ 

<y+ 4 ) g t 7— 1 1 (7—a) 

2 ( 7 + 1 ) (2 7 +D7 

(/+ 2 )*( 2 /-l)( 7 -l) 

(7+i) 2 (27+0 

QAJ) 

4^7+0 
( 7+1)7 

2(7+4) 2 (/-i) 

(I+ 2 ) (7+0*7 

( 27 + 1 ) ( 72 + 27 - 2 )* 

'"( 7+2)*(/+0 3 7' 

Pit/) 

( 7+3H/-0 
(7+0 

(7+4) ! (7+3)(7-i) 2 

2 (/ + 2 ) (7 + 1)2(27 + 1 ) 

(7+3)*(27+07 

( 7 + 2 ) 2 ( 27 + 3 ) 

Pit/) 

(/+ 3 ) (7-31 
f 

(7+3)(/-i)‘/-2)‘7-3L 

4 (7+2)(27+3)(27+i) 

(7+3)(/+0(27-0 

( 7 + 2 ) ( 2 / + 3 ) 


J 

q(27+i) 

(/+ 1)7 

9(7-0 (7-2) 

(27+i)7 

QiU) 

4(7 + 2) (27+3)(/ + 0 

(7+2)* (7+0 


(I+4)7(7- 0(7-2)*) 

(7+4) (7+2) ( 27 +O 

P*(7) 

(7+4) (7-2) 

(7+0 

4(7+0 ( 27 + 3 ) (7+0 ( 2 /+ 1 ) 

(7+3) ( 27 + 5 ) 
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Table III 

Intensity factors for 4 XI — 4 JI bands 


Branch 

*n(a) — > *n<b) 

«niaj m(b) 

*n(a) m(6) 

Pi(/i 

(2/+1) (27- l) 

7 

(27 + 1) (27 — 2) (27—3) 

1672 

(2(11) (27-0(27-5). 

I/-i)(27«3) 

QiU) 

H ^ 
+ 1 

1 

(2 7+1X27-3) 
i6(7+i)7* 

16 / f l) (2/ 4*l) 
7(2/-0 3 

R)( /) 

(2/ + 3)(2/+l) 

(.7+1) 

(27+3) (27+1) (2 7 — 3 ) 
i6(7+i)7 s 

(27 + 3) (27 + l)(2f-3) 
/( 27-0* 

Pa (7) 

(27 + l)(2/ — i) 

1 

(27+5)*(2/-i) 

16(7 + 1)7 

(7+0(27+0*(27-3) 2 

PUJ-U* 

QiU) 

(2/+l) 

(7+1/7 

(27+5)2 

i6(/+i)*7 

16(27*+!' (7-4)* 
(7+i) (27+ 1)7(27-0 3 

RiU) 

(27+3) (2/+1) 
(7+i) 

(27+5)2(27+3) 
i6(7 + 0* 

(7 + 2) (27+3) l (27-0* 
(7 +i )*(27 + 0* 

PM) 

(27+3) (27-3) 

" 7 

(27+9)*(a/-i) (27-3) 

16(27 + 1)/* 

(27+3) ? (2 7 -O s ( 7-0 

(2 7+ O'*/ 2 

QM) 

9(27+1) 

(7+2)7 

Q(27 + 9) 2 (2./— l) 

16(27 +3) (7+ 07* 

16(27*+ 3/ — 3) 2 

(27+3)*(7+ 0u7+0/ 

R 3 < /) 

(2/ +5) (27 — 1) 
(7+i) 

(27+9^(27+5) (27— 1) 1 
16(27+3) (7+i) (27+07 

(27 + 5)*(27 + 0*7 
(2 j+ 3) 2 (7+ 0* 

PM) 

(27+5) (27-5) 

7 

(27+5) (2/ - 0 (2 / -3) (27—5) 
16(27 ) :0 (7+ 07 

(2/4-5) (27 -r 0(27-0 

(2./ -1-3) (/-I- 1' 

QM) 

25(27+1) 

(7+i)7 

25(27+!) (z/— 1) (2.7—3) 
16(27+3) (7+ 0 2 7 

16(27 + 07 

(»7+3)*(7+0 

RtU) 

(27+ 7)(27 - 3) 
(7+i) 

(27+7) (27-O (27-3)* 

16(2 f+ 3 ) (/ + 0* 

(27+7H2/+ 3 ) (27+ .0 
(27+5) (7+2) 
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TERM VALUES IN THE SPECTRUM OF CHROMIUM II* 

By V. SURYANARAYANA and V. RAMAKRISHNA RAO 

Department or Physics, Andhra Diversity, Waltair 
( Received for publication October 2$, 1Q53) 

ABSTRACT. Term values for the configuration! 31 i\ 3 d 4 *4S 3^.45* in CrII are 
calculated and compared with the experimental data due to Kiess. The values of the 
unidentified terms are predicted from these theoretical calculations. 

INTR(ll) (I C T 1 OK 

An extensive experimental analysis of the spectrum of CrII was 
recently published by Kiess (1951). The even terms arising out of the 
configurations 3d', 3d 1 . 4s and 3d 1 . 4s" were worked in fairly good detail and 
their values were given. A theoretical calculation of these term values 
appeared desirable for (a) checking the analysis and (a) predicting the terms 
yet to be established. The results of these calculations are presented and 
discussed in the following pages. 

The theory of the calculations was first given by Slater '1929) and 
developed later by Van Vleck (1934). The working details weie given by 
Rao (1948) in his paper on "Term values in Complex Spectra (CJumbium 
I and II)". Tables I, II and III embody the results. The observed 
Values of the terms are the statistical means of the multiplet levels 
qf each term. The formulae used in the calculations are given in the 
last column. For the evaluation of the parameters F 0 , F 2 , T* and G 3 the 
method of normal equations was employed (Rao, 1948). Low lying terms 
are used for this purpose (marked in the table with asterisks) as their 

assignment is generally more certain. 

In Table I the term values of the lowest configuration 3 d' of CrII are 
given. In the calculated values, the a*S term is reduced to zero and 
correspondingly . all the other terms shifted to that scale. The percentage 
of discrepancy, between observed and calculated values is given in column 4. 
There is in general good agreement. Considerable disagreement is found 
between the values for a*P. Of all the quartet terms, this should be the 
highest according to Hund's rule (lowest ‘L’ value). However, the b D and 

terms are larger than a*P. This involves a ce.tain amount of 
perturbation in the term scheme which may possibly be due to slight deviation 
from rigorous R-S coupling assumed in theoretical considerations. Terms 
o*P + and a*P+ are not identified in experimental work as these are 
considerably high. The lines arising out of these levels and an excited state 
generally lie in the far infrared and so was not obtained. These values could, 

* Comm uni cate d by Prof K. R. Rao. 
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in general, be only predicted from theory and fitted into the term scheme. 
Their values are given in column <3). Table II gives the results of 
calculation for the configuration 3d 4 , 4s of Crll which is the next higher 
configuration to the above one namely 3 d‘\ In this, calculations are made 
in two ways. The values obtained by straight calculations with formulae 
(column 1) are given in column 5. In column 4 the data are obtained from 
calculations through ion data. The configuration 3d 4 of CrIII is the 
ionic configuration of 3d 4 . 45 of Crll. Van Vleck (1934) gave the 
necessary theory for such a calculation and the working details may be 
found in Rao’s paper (1948) This calculation helps us to verify Crll 
spectra as against Cr III spectrum. A good agreement between the 
two data indicates the consistency of assignments of both the spectra of 
the configurations dealt with. However, the calculation is limited by the 
number of terms known in 3d 4 configuration in CrIII- The first column 
gives the base terms of 3d 4 of CrIII 011 which those of Crll are 
built up by the addition of a 4s electron. Columns 6 and 7 give the 
percentage of discrepancy between the observed values on one hand and the 
calculated values from ion data (column 6) and from formulae (column 7) 
given in the last column. It is seen that where calculation could be made 
for ion data, the discrepancy is very small, confirming the assignments of 
terms in the configurations of both Crll and CrIII. In the calculated 
data from the formulae, it would be found that the percentage of discrepancy 
is more than in case of the 3 d B configuration, though in itself it is not much. 
However, this may be attributed to the fourth parameter G t entering the 
formulae. The deviation from R-S coupling may be considerable in the case 
of 3d 4 . 4s electrons. 

Table III gives term values for the 3d 1 . 4s 2 configuration of Crll. 
In this configuration the unit 3d 3 is shielded by the complete subshell 4s 2 

and so the deviation from the R-S coupling may be considered to be much 
less than in the earlier configurations. The configuration gives rise to the same 
terms as 3 d* and values are given in column (3). The percentage of 
discrepancy is small. The terms, a F, 2 H, *D+ and 2 D- are predicted in the 
spectrum. In view of the general good agreement it may be reasonably 
expected that these predicted values can lie within 4 percent of the values 
given. The formulae given in the last column of this table are obtained by 
neglecting the G ’ s in the formulae for the d 2 s configuration by Bowman 
(I 94 1 )- 
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Table I 

Term values of chromium II 
Configuration 3<f s 

Term Observed Calculated Percentage Pormulu 

symbol value value of (Lapoitc otto 1942 

(author) I discrepancy 


a«S* 

0.0 

! 

0.0 ( 

a<G* 

20516.0 

20498.5 i 

b*F 

32848.2 

34666.7 | 

b * D * 

25039-9 

1 

25721.2 

a * P f 

21823.7 

23475 * 2 

a 2 1 * 

30147.2 

29067.1 

b 2 H 

35664.0 

35774-3 1 

j 

a 2 G 

36197.9 

37274.2 i 

d 2 G 

52311.2 

34426.8 

a 2 F 

32459-2 

33536.0 

c 2 F 

39821.1 

40258.6 

d*D 

47361.4 

4920 j. 5 

a 2 D. 

31420.1 

33018.5 

a 2 D+ 


72096.9 

a 2 /* 


671105 

1 

o 2 5 

44307.0 

44735-2 

ioF 0 =s62378.o enr 1 . 

F 2 = 111860111" 


0.0 1 oF # — 35 /<’ j — 3 1 5 b \ 

-0.1 n F n -25F 2 -i9oF| 

-0.7 ioF„ - 13 F 2 — iSoF 4 

+ 2.7 i, F(,~ iSF 2 -225F 4 

1 

+ 7.6 10F0— ^8F a — J05F1 

- 3-5 mF 0 -24F 2 - 9°F 4 

+0.3 ioF 0 -22F 2 - 30F4 

+ 3 -r j i«F 0 — 1 3F a — 1 -tsF^ 

+4.0 ioF 0 + 3 Fj- 155F4 

- 3-3 ioFj — 25FJ— 15F4 

+ i.T ioF„- yFj— 165F4 

43.9 ioF 0 — 4F2 — 1 20F4 

4.5. j ioF 0 - 3F 2 - 90F4 

+ < 5 1 3F'i" • 45OoF ? F 4 + 2700F4*)l/^ 
ioF„4 ti>h\~A\ol\ 

4-1.4 | J<:F„ -- 3/' 2-195^4 

F,= 74.5 cm' 1 . 


Hote: In this and the following tables the suffixes 4 - and - indicate higher and lower 

of two similar terms and the coi responding formulae must be taken with the 
respective sign. 

The terms Marked with asterisks are those taken for the calculation of the 


constants. 
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Table II (contd.) 


Term Values in Spectrum of Chromium 11 



6F*=*620i2.3 cm' 1 , F 2 =i 301.7 cnr ! , F 4-95 6 cm 
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Table III 

Term values in chromium II. 
Configuration 3^.4$* 


Term 

Observed 

value 

Calculated 

value 

Percentage 

of 

discrepancy 

Formula 

<P 

55045-7 

55658-9 

+ m 

1 

F 0 -I 47 F< 

ip 

S 9 H 2 8 

57292 7 

-3-2 

Fj- 6F 2 - 12F4 

<F 

53574 4 

52970.9 

-II 

F«- 15F2-72F4 

*F 


5998c. 7 


Fo+ 9 F 2 “ 8 7 p 4 


54576 2 

56396-7 

+3-3 

i F 0 — iiE 2 +I3F 4 

| 

** 


57292-7 


' F 0 — 6F 2 -i2F 4 



62709.6 


/F # -l- 5F 3 + 3 F 4 

w : \ 


5943° 2 


) ±i(i93Fj s -i65oF 9 F 4 





( - 832 5 F 4 >)i /2 


F(i=5945i-5 cm -1 
Fj= 308. j cm* 1 
F 4 = 25.8 cm" 1 
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ON THE PHOTOCONDUCTIVITY OF AMETHYST QUARTZ* 

By M. K. VAINU BAPPU 
Physical Laboratory, Nizam Com,kc.k, Hyderabad, Deccan 

( Received for publication , August , 2 , 19531. 

ABSTRACT. This paper describes an investigation of the photoconducting nature 
of amethyst quartz. Measurements of photocurrent \Yere made for varying voltages, 
intensities, radiations and temperatures. \ spectral sensitivity curve of photoconductivity 
duplicates the optica! absorption in the visual region identified as the F-hand. The 
photocurrent is found to be proportional to light intensity and voltage ; in the latter case 
secondary currents deviate the relationship from strict linearity. Under constant irra- 
diation of light in the maximum of the F-band, the civstel is shown to be “excited". Last- 
ly, measurements of photocurrent at different temperatures underradiation sources that yield 
both the electron primary current and the positive primary current, show that the curve* 
obtained are identical with those obtained bv Pohl and collaborators in the case of coloured 
rocksalt. The similarity of the behaviour of amethyst, quartz and coloured rocksalt is so 
very striking that it seetns very reasonable to ascribe the colouring of amethyst quartz to 
F-centres caused by high frequency radiations 

INTRODUCTION 

Systematic studies of the photoconductivity of crystals have shown 
that we can classify them into Uvo categories. Idiochromatic crystals are 
those whose photoelectric properties are determined by the material itself 
and not by any naturally present or artificially introduced impurities. 
Allochromatic crystals on the other hand are inactive photoelectrically in the 
pure state, but active when foreign atoms or particles are dispersed through 
their volume. The naturally and artificially coloured alkali halides, studied 
extensively by Gudden, Pohl and collaborators in Germany fall into this 
latter class. 

The differences between allochromatic and idiochromatic crystals 
become readily apparent when one studies their absorption spectra and 
their photoconducting nature. In idiochromatic crystals the photoelectric 
current is directly proportional to the incident light quauta and increases 
as we go to the ultraviolet, until a high rate of recombination is reached 
in the crystal. In allochromatic crystals, where F-centres are responsible 
for the colour as well as the enhanced electrical conductivity under the 
influence of light, the spectral response curve oi photoconductivity follows 
closely the F-band. The “excited” spectral response also duplicates closely 
the trend indicated by the F-band. 

In an earlier investigation the author {Bappu, 1952) has shown from a 
study of the absorption spectrum in the visible region that amethyst quartz may 
be considered as essentially an allochromatic crystal. The absorption in the 

* Part of the theat* accepted for the M. Sc. research degree of the Madras University. 
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ultraviolet and near infrared regions (liappu, 1953) also confirms this 
hypothesis and reveals the slight deviations present from the identical 
h?hav}our of an alkftli halide crystal exposed to high frequency radiation. 
In what follows, we shall report on a study of the photoconductivity of 
amethyst quartz and show conclusively that its colour is acquired in a fashion 
similar to that of an allochromatic crystal. 

EXPERIMENTAL 

The conductivity was measured by the well known Curie method with 
the aid of a Lindeinann electrometer. The electrodes used were crocodile 
clips and the springs in them had sufficient tension to ensure a good contact 
between the specimen and electrodes. An earthed copper guard ring 
prevented any possible surface leakage. The current was measured by 
noting the charging rate of a precision high quality condenser. The value 
of the condenser used for measuring very low currents was 94 /qxf while for 
appreciable currents, of the order of io “ 15 amperes, a value of no f was 
employed. The high tension source for values less than 180 volts was a 
set of dry batteries, the output of which for all purposes may be taken as 
constant over the period. For voltages greater than 180 volts, a rectifier 
capable of giving potentials up to 500 volts was used. 

The source of light employed for exciting the F-centres was a 250 watt 
tungsten filament lamp run on A. C. voltage; the light from this lamp was 
focused on to the entire area of the specimen between the electrodes. Three 
spectral regions with effective wavelengths of 5500 A, 4600 A and 5900 A and 
having bandwidths of about 500 A were isolated by means of filters. Light 
from a 150 C. P. pointolite lamp, after passing through a red filter, acted 
as the source of long wavelength radiation. In the study of the variation 
of photocurrent with light intensity, the relative intensities were deduced by 
applying the inverse square law. 

For maintaining the specimen at a temperature higher than that of the 
surrouudings, a heater piovided with two mica windows as entrances for 
the exciting light and red light was used. Measurements were made only 
when steady temperatures were attained and maintained for at least half 
an hour, as indicated by a thermometer placed virtually in contact with the 
specimen. 


RESULTS 

(a) Dependence of photocurrent on light intensity and applied 
voltage . One of the most significant features of the primary photoelectric 
current that has been observed in every pholoeouducling crystal, is the 
strict proportionality between the current and the intensity of the exciting 
light. Secondary currents do brtng in their own complications to upset 
this rigorous proportionality, as will be seen in the intensity curve of 
molybdenite, obtained by Coblentz and collaborators and reproduced by 
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Nix (1932). In the case of the variation of primary current with voltage, 
we get curves showing saturation for fairly high values of electric field. 
Saturation could be attained fairly easily in idiochromatic crystals, while in 
allochromatic crystals they can be found only with great difficulty. 

To determine the variation with intensity in the case of amethyst 
quartz, a current obtained fifteen seconds after illumination had started, 
was utilized. The variation was studied with two different radiations, green 
and yellow. The current obtained was strictly proportional to the intensity 
of the light. As can be seen in figure 1, both the curves are parallel to each 
other showing that the difference in value of photocurrent was caused by a 
difference in absorption. 



Fig. 1 

Variation of photoelectric current with light intensity 
A. Green light. B. Yellow light 

To test the dependence on voltage, readings were taken one minute after 
the beginning of illumination in the blue and green regions of the spectrum. 
These measurements were taken in a way that facilitated the indication 
of the presence of secondary currents. No tendency for saturation occurred 
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as can be seen in figure 2. On the contrary the current increased 
considerably with higher voltages, thus indicating the major share taken up 
by secondary currents. 



Fig. 2 

Variation of photocurrent with applied voltage 
A. Green light B. Blue light 


( b ) Photoelectric responses for different wavelengths : For investiga- 
ting spectral sensitivity it is essential that the spectral regions isolated from 
a light source by filters or by a monochromator should have the same 
spectral energy. In the following experiments accurate spectral energy 
measurements could not be made and so the different spectral regions could 
not be equalised with respect to their energy contents. However, by combin- 
ing the energy distribution of the tungesten lamp with the transmission data 
of the filters, the assumption that for all practical purposes the relative 
transmitted energies of the three filters are equal, seems valid. The 
measurements of the initial jumps of the primary current are used to obtain an 
idea of the degree of excitation, produced by the different radiations, of the 
F-centres. 

Figure 3 demonstrates the photoelectric responses of a specimen of 
amethyst quartz to green, blue and yellow light and also to white 
light. The measurements being green, blue and yellow exciting radiations 
constitute a continuous run, the crystal being irradiated with red light 
at the end of each dark period that follows one of excitation. Let us 
consider first the effect of green light alone. Instantly on illumination we 
have a sudden rise of i.a x io“ 13 amperes in the value of the current. This 
is the primary current. If at this stage the primary current bad continued 
steadily, the current curve would have been parallel to the time axis. But 
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instead we find a slow but regular increase in the value of current showing 
that with time the resistivity of the crystal has decreased. This current is 
the secondary current because it has developed here with the aid of the 
primary current and with a time lag. Intense lighting, together with 
imperfections are responsible for the formation of secondary currents. 
Hence in crystals with twinnings, some glasses, and tablets of compressed 
powders the primary photoelectric current is largely suppressed and only a 
high secondary current is observed. In view of this fact it is not surprising, 
if in amethyst quartz, the lattices of which are distorted by the presence of 
metallic impurity, a secondary current manifests itself. 

The decrease in value of current at the fifth minute after illumination 


is due to the formation of a space charge which tends to nullify the regular 
inflowing current. The mechanism of the secondary current can be 
considered as follows : When the crystal is irradiated with light in the 
F-band, photoelectrons are released, and under the influence of the electric 
field they move towards the anode. A large or small number of photoelectrons 
is released depending on the absorbed energy and we get correspondingly 
a large or small primary current. The continued passage of the primary 
current appears to break down the resistance of the crystal, so that electrons 
can enter the crystal from the cathode and pass to the anode. When the 
primary current flows, a few of the photoelectrons arc trapped at impurity 
centres or at surfaces of discontinuity, forming channels as a results of which 
the effective resistance of the crystal decreases. This current constitutes the 


secondary current. Due to the flow of the photoelectrons, a positive chaige 
builds up in the crystal and tends to annual the incoming electron flow. 
This accounts for the decrease in current after the fifth minute. A few of 
the incoming electrons neutralise the positive charges behind, while iurtlier 
positive charges are formed continuously due to the drift of the photo- 
electrons under the influence of light. The saturation value is obtained 
when a number of electrons coming in from the cathode neutralises the 
positive charges, the current being observed due to the motion of the photo- 
electrons- At the eighth minute when the light has been turned off there 
are no more photoelectrons released and a sudden fall m the current is 
noticed, showing that the photoelectrons do not contribute anymore to 
to the current. After this sudden drop the current decays with a tune lag 
until the normal value of the dark current is reached, because the conduc- 
ting channels lose the electrons of which they are made. 

In the case of the photoelectric response with blue light we And an 
initial jump of 09.5 x io ws amperes constituting the primary current. The 
development of the secondary current can be noticed, bnt there ,s .gam a 
charge formed which decreaae. the current. The absence of a 
3 L f all immed iately on turning oS tba light, rndiea.es, that the .neon, . 
lag flow of electrons just neutralises the posit, ve charges released. 

With yellow light we have a rise of 0.8s * to"' an, perns constituting 
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the primary current. The secondary current formed, keeps increasing 
without any space charge being formed, showing, that the positive charges 
are being nullified by the electron flow from the cathode. The conducting 
channels decay rather rapidly to restore normal conditions once again. 

Comparing the initial jumps in values of the current, under the 
influence of green, blue and yellow radiations we find that the green radia- 
tions have a greater effect in producing photoelectrons than the blue and 
yellow regions of the spectrum. This indicates that the photoelectric 
spectral distribution curve has a maximum in the green region, with blue 
and yellow having lower values, thus forming a bell shaped curve similar 
in shape to that of optical absorption. This behaviour is just as expected, 
for amethyst quartz has been proved optically to be essentially an allochro- 
matric crystal. 

The above measurements were repeated after 24 hours, so that the crystal 
may revert to its original condition. The full radiation of the lamp was 
turned on, as the source of white light. A different electrode spacing gave 
a slightly higher field, which in turn accounts for a slight increase in value 
of the dark current. The variation in current under the influence of white 
light, as seen in figure 3, shows that the difference between the final value 
of the current and the dark current is more than twice that in the case of 
green light. As white light consists of radiations both on the short wave- 
length and on the long wevelenglh side of the F-band, we can assume that 
a large number of photoelectrons is created and conduction channels are 
formed, while the locations of the positive charges formed are made mobile 
by the long wavelength radiations of the red and infrared regions. As 
secondary currents depend on primary currents for their formation, which 
in turn depend on the exciting wavelength, we have indirectly a relation 
between the magnitudes of the secondary currents and the respective wave- 
lengths responsible for their creation. This can be found in the case of 
molybdenite where the secondary currents due to A9900 are about eight 
fold greater than those due to A24100. In ameythyst quartz, we have the 
secondary current assuming large proportions because of the sum total of 
the roles is played by all the diffrent wavelengths. The rapid decay in dark- 
ness shows that under the influence of long wavelength light most of the 
locations of positive charges had slipped to the cathode. It is because of 
the simultaneous flow of the positive primary current along with the 
ordinary flow that the final value of the current in the case of white light 
is more than double that in the case of green light. The definite time lag 
present in the decay after illumination with white light illustrates that 
conduction channels play an appreciable part. 

(c). Excitation in amethyst quartz : Rontgen and Joffe (1921) found 
that the spectral sensitivity of coloured rocksalt by X-rays was influenced by 
the order in which measurements are made. Later investigations on rock* 
salt have shown that the crystal when excited yields a spectral sensitivity 
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curve which has a maximum of lower value than in the unexcited condition. 
Tn amethyst quartz, excitation and effect of current flow were observed 
together and are shown diagramatically in figure 4. The crystal was 
irradiated and kept in darkness, measurements being taken in the mean- 
while. Two more runs of this type were made without giving any time for 
the crystal to come back to normal condition. 
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Fig. 3 

Photoelectric response vs time of illumination 



A comparison of diagrams (a), (f>) and (c) will show the changes that 
iave taken place. The transition from digram (a) to (c) indicates a decrease 
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in dark current of 0.25 * io _I * amperes. This decrease can be ascribed to 
polarisation which is so often found in insulators of the type of quartz. 



Fig. 4 

Excitation in amethyst quart* 

On illumination we find in case (a) a primary current of 1.2 x icT 18 
amperes as against one of 0.65 xicT 1 * amperes in case (c). Also on the 
termination of illumination the fall in the first run is 0.53 x 10 18 ampere* 
and 0.2 x io _ls amperes in the third case. The difference between the fall 
in current in the firat and second runs is not as striking as in the case of the 
first and third. Such a behaviour is due to the different periods of 
illumination in the two cases and hence if in the second run the crystal was 
tfcatfced for • greater duration with green radiation, the magnitude «# <he 
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fall in current when the light intensity is turned off would have been much 
less than observed. The decrease in values of the primary currents from (a) 
to (c) is a clear and definite illustration of * excitation" in amethyst quartz. 

(d). Photoelectric currents at different temperatures : Gudden and 
Pohl have studied exhaustively the photocurrents obtained at different 
temperatures in the case of yellow sodium chloride. Figure 16 of Pohl's 
survey article (1937) gives a diagrammatic representation of the data obtained 
at four different temperatures. In figure 5 the results obtained in the case 
of amethyst quartz for the temperatures 33°C, go°C and ia8°C can be seen. 
The procedure followed was exactly that adopted in the case of sodium 
chloride. After a dark interval the crystal was exposed to green light 
(corresponding to the F- band), followed by an interval of darkness. Lastly, 
the crystal was flooded with red light. A voltage of 90 volts was applied, 
the distance between the electrodes being 0.7 cms. 

At room temperature a primary photocurrent of 0.1 xio’ 1 * amperes 
was obtained. Such a value does not seem high when compared with 
previous measures, but in view of the fact that the experiment was carried 
out with a smaller value of the electric field and a lower light intensity, 
this jump is not too low. The current increased with time upto the fifth 
minute after illumination, and reached a saturation value of 2.6 xio' 13 
amperes. At the end of the eighth minute after illumination the light was 
turned off. A drop in value of 0.4 x ro ' 1S amperes occured, followed by a 
decay toi.gxio -13 amperes in current value, was noticed. This decays 
quickly at first and slowly afterwards with time, reaching the dark current 
value obtained before the experiment was performed. 

At 90°C the dark current was 8.75 x io" 1 * amperes. Instantly on 
illumination, a primary current of 6.25 x io~ 13 amperes was noted. A 
steady increase in current value could be seen, but it was not much when 
compared with the increase at 3 3°C. A drop in value of 1.0 x io’ ,s amperes 
occurred when the illumination terminated. After four minutes of darkness 
an instantaneous rise in value of 1.5 x to" 13 amperes was noted with the red 
source on, followed by a current decay back to the initial value. 

The dark current at i28°C was 14.5 x io -13 amperes. An observation 
made half a minute after the beginning of illumination revealed an increase 
of 17.0 x io“ ,s amperes. But even when the green light was on there 
existed a steady decay in the behaviour of the current. The decay 
continued still further in darkness. On turning the source of red radiation 
on, an increase of 3.5 * io“ 13 amperes was noted. 

At 33°C the fall in value of current immediately on turning off the 
green light source is nearly four times the initial jump. A possible explana- 
tion of this can be given as follows. A few of the electrons are trapped. 
Due to the electron flow by virtue of the primary current these are released 
temporarily and some of them get trapped once more in vacancies or with 
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Fig. 5 

Variation of photocurrent with temperature 
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interstitial ions. The green light releases them and they again move a 
certain distance. Consequently, the number of electrons moving under the 
influence of light now is greater than initially and hence when the light is 
turned off a greater fall in value of current is observed. During the dark 
period the conduction channels formed, decay. Tire location of a few 
positive charges slip back to the cathode, thus causing a slight flow of the 
positive primary current in darkness also. On illumination with red light 
the positive charges are neutralised completely, as shown by the increased 
value of the current. 

At qo°C a very high jump in value of current, immediately on illumina- 
tion, is noticed. This is because, simultaneously with the electron primaiy 
current, a little of the positive primary current flows as a insult of the thermal 
energy being able to move the electrons further. As most of the positive 
primary current flows during illumination with green light as well as when 
the crystal is in darkness, we have a rise in value of curt cut under the 
influence of red light equal to only two thirds the value of the initial jump 
on illumination. 

The behaviour at 1 2 8 'A' is just a magnification of that at qo°C. But 
now as a result of the high value of current flowing by virtue of the negative 
and positive primary currents, the current decreases due to an iuei easing 
polarisation which effects the drift of the electrons. A low dark current 
is observed and the flow of the positive primary cm rent under the influence 
of red light is very little. 

A comparison of the three curves indicating behaviour under the 
influence of red light will show that with time, at room temperature the 
current decay is quick initially and slow later. At t)o f ’C it decays fairly 
quickly while at iaS°C it varies linearly with time. This difference is due to 
the increased mobility of the locations of positive charges at high 
temperatures. 

'1'Jjus the phenomena of spectial sensitivity, excitation and variation of 
photocurrent with temperature, exhibited by yellow sodium chloride, are 
duplicated essentially by amethyst quattz. Along with the optical studies, 
this investigation indicates rather definitely that amethyst quartz possesses 
its colour as a result of the presence of b'-centres, formed possibly by high 
frequency radiation. 
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ABSTRACT. Ihfc ultraviolet absorption spectra of ortho , meta, and para toluidine 
have been studied in the liquid and solid phases of the substances and the spectra have been 
compared with those of the substances in the vapour state. The results for the para 
compound in the vapour state agree w ith those reported bv Tiutea (1933). It has been 
observed that when the substances are liquefied the narrow hands are replaced by an 
extended broad band. This broad band persists even when the liquids are solidified 
and cooled down to — iSo'C. 

The region of this extended absorption shifts towards longer wavelengths in each 
case with liquefaction of the vapour and it does not shift appreciably with the solidification 
of the liquids and lowering of temperature of the solid to — i8o*C. 

These results are compared with those for chloroto’uenes and dichlorobenzenes reported 
by Swamy (1952) and it is pointed out that the behaviour of the bands with solidification 
of toluidines is opposite to that observed in the case of chlorotoluenes and dichlorobenzenes 

1 N T R O D U C T ION 

The absorption spectra of some disubstituted benzene compounds in 
the solid state at low temperatures were studied recently in this laboratory 
by Swamy (1952a, 1952b, 1952c, 1953) and it was observed that the changes 
which take place with solidification and lowering of temperature of the para 
compounds to — iSo°C are different from those obsorved in the case of ortho 
or meta compounds. In the case of ortho and meta chlorotoluene and 
ortho dichlorobenzene in the solid state each of the bands was found to be 
accompanied by satellites which were produced by the splitting of the 
energy level. No such splitting was observed in the other disubstituted 
compounds studied by him. It is not possible, however, to draw the general 
conclusion from these results that the presence of chlorine atom is responsible 
for the splitting unless results are obtained in the case of a large number of 
such disubstituted benzene compounds. It was thought worthwhile to 
investigate this problem mote thoroughly, and in the present investigation 
the absorption spectra of ortho, meta and para toluidine in the solid and liquid 
states have been photographed and the results have been compared with 
those for other disubstituted compounds studied by Swamy (1952. 1953)- 

EXPERIMENTAL 

The substances were supplied by B. D. H. They were distilled in 
vacuum repeatedly, rejecting each time the residual coloured portion till the 

* Communicated by Prof. S C. Sirkar 
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collected portions were perfectly colourless. The absorption spectra of 
the vapours of ortho, meta and para toluidine were studied by introducing 
the vapour in the absorption tube at room temperature which was about 
3o°C. As />-toluidine is solid at 30°C the bulb containing the substance 
attached to the side tube cf the long absoption cell was heated a little to 
melt the solid. "I he width of the slit of the Hilger 1 £ i spectrograph used 
in these investigations was about .2 nun. The length of the absorption tube 
was 25 cm. 

The technique used for photographing the absorption spectra of the 
substances in the liquid state and in the solid state at low temperatures 
was the same as that used by Deb (1951). 

The thickness of the absorbing film was very small, being of the order 
of a few microns. Miciophotometric records of the spectrograms were 
obtained with the help of a Kipp and Zoneu type self-recording micro- 
photometer. 

RKSULTS AND DISCUSSION 

Tracings of the miciophotometric records are reproduced in figures 
1, 2 and 3. The position of the bands observed in the case of the three 
states of the substances are given in Tables J, II and III. The absorption 
spectra of these substances in the vapour state were studied by previous 
workers, but as the literature was not available the data could not be included 
in the tables. 
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Fig. 2 

Microphotometric records of the ultraviolet absorption spectra of w-toluidine 
(a) Vapour at 30*0 ; (h) Liquid at 3 o°C ; (<*) Solid at — i 8 o*C 

Table I 


Absoiption bands of o-tohiidine : v in cm 1 


Vapour (prominent 

Assignment 

Liquid „t 

Solid at 

bands) 


3<»°C 

— i8o°C 

33888 (tv) 

"0-433 



34171 (tv) 

"v-iS 0 



34213 (til) 

t'Q—lSO 



34*45 (ni) 

"o~7 6 



34321 (v.&) 

"0 



34412 (m) 

"o+m 



34470 (m) 

VQ 4- 220 -76 

( )ne broad band 

( >ne broad Sat 

from 

band from 

3454 1 4ni) 

Vq h 220 



34602 (v s) 

^0+ 2S l 



34695 (til) 

I'0'b28l+9I 

i 


34789 (til) 

*'0+4^ 

j 2803 cm ' 1 | 

32803 rrn' 1 

34821 (m) 

*'0+ 281 + 22 ' | 

to 

to 

34921 (m) 

*'0+281 + 220 + 91 

36670 cm' 1 

3697* cm ' 1 

35053 (m) 

"0+732 



35274 (m) 

"0+732 + 220 j 



35481 (m) 

PQ + Ifdo ; 

max, at 


35756 <«n) 

*' C + 1 160+281 ! 



35851 (in) 

ro+i 160+281 +91 | 

34684 cm~‘ 


35947 (®) 

v 0 + ii 6 o +468 | 

^ ‘ 
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34000 35000 36000 37000 

Wave number (cm' 1 ) 

Fig. 3 

Microphotometric records of the ultraviolet absorption spectra of />-toluidine 

(a) Vapour at 3o # C; (b) Liquid at 6o°C ; 

(c) Solid at 30*0 ; (d) Solid at — i8o*C 


Table II 

Absorption bands of ra-toluidine : v in era -1 


Vapour (prominent 
bands) 

Assignment 

Liquid nt 

30* C 

Solid at 
-i8o°C 

33813 (nd 

"0 



33882 (tn) 

Fo+69 



33931 (m) 

i/ 0 +ii8 



34018 (m) 

*0+205 



34087 (s) 

fo+274 



34157 (tn) 

*'0+274+69 

Broad band from 

Broad band from 

34403 (tn) 

*>0+474+118 


32803 cm' 1 

34495 (m) 

*'0+274+205 

32606 cm” 1 

to 

34496 (tn) 

*'0+274 + 2 X 205 

to 

36350 cm -1 

34556 (s) 

*' 0+743 

36198 cm’ 1 

and 

34772 (m) 

3499* (a) 

*>0 + 2 X 274+2 ><405 

•>0+1178 


Broad band peaks 
at 

34084 cm ' 1 

35057 («n) 

*>0+ 1178+69 


and 

35190 (tn) 

*>0+1178+205 


34834 cm-* 
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Table III 


Absorption bands of f’-toluidiue : v in ctn’^ 


Vapour (promi- 
nent bands) 

Assignment 

Liquid at 
6o°C 

Solid at 

3o*C 

1 Solid at 

— i8o*C 

32650 (w) 

* 0-437 


' 


32860 (w) 

J / 0 — 227 



1 

32914 (w) 

"0-173 

1 

j 



33029 (s) 

00 

in 

J 



33087 (v.s) 

*0 

* 



33157 (w) 

*c+ 298 — 227 



1 

33327 (s) 

*'0+298-58 


! 

1 

33385 (V.s) 

^0+298 


I 

33461 (s) 

33514 (s) 

"0+427-58 

"0+427 

One broad 
band from 

One broad j 

band from 

One broad band 
from 

33683 (m) 

*o + - x 29S 

32606 cm' 1 

32606 cm' 1 

32606 cm” 1 

33748 (m) 

*'0+427 + 298 — 58 

to 

to 

to 

33808 (s) 

*0 + 427 + 298 

35688 cm" 1 

36198 cm” 1 

36670 cm ’ * 

33895 (s) 

*o + 808 



33940 (m) 

y 0 42X427 




34011 (m) 

*0+982-58 




34069 (m) 

*0+982 


! 1 

! ! 

34176 (s) 

^0 + 1143 “^ 



34230 (s) 

^0+1143 


i 

1 

34318 (ni) 

*0+808 + 427 


1 

! 

I 

34654 (s) 

* + 1143+427 


I 

34958 (w) 

*0+1143 + ^27 + 298 


1 

35084 (s) 

"3+1143 + 2X427 


i 

35510 (s.b) 

* 0+1143 + 3 X 427 


i 

35939 (sHb) 

*0 + 1143+4 X427 


1 

36366 («.b) 

*0+1143+5X427 



3679a (s.b) 

*0+1143 + 6x427 

1 

1 

i 


The ultraviolet and absorption spectra of ortho, meta and para toluidine 
in the vapour state were studied previously by Pizlo (1934) and also by Horio 
(1934). As mentioned earlier, these data were not available. The data 
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for para-toluidine reported more recently by Tintea (1949) show that the 
bands can be classified into two series given by the following equations: 

Series . 1 . * = 33090 + (p' - p a )8i7 + (q' - <70)431 + (r'~ 1-0)297 -2Of> 0 (g 0 )-ior 0 

Series 11 v = 33030 + <p’ -p 0 )Si7 + (q'-q 0 )43i + (r' - r 0 )2g7 - 2Op Q (q 0 ) - 10 r 0 

The data given in Table III show that the band at 33029 cm -1 is a weak 
one while that at 33087 cm' 1 is a strong one. So the latter band has been 
taken as the v 0 band. The progessious of vibration frequencies, 288, 427 
and 808 cm -1 agree fairly well with those observed by Tintea. There seems 
to be a second system displaced from the first towards longer wavelengths 
by 5S cm -1 with v 0 at 33029 cm" 1 . When the vapour is liquefied the bands 
are washed off and a very broad band extending over the whole region from 
32606 cm -1 to 85688 cm -1 is observed. Hither solidification or cooling 
down of the solid mass to — i8o°C does not produce any appreciable influence 
on the position of this broad band, As the v 0 baud in the case of the vapour 
is at 33087 cm -1 there seems to be a little shift of the band system towards 
longer wavelengths with liquefaction of the vapour. Evidently, • the 
broadening of the bands in the case of the liquid state is due to some influence 
of intermolecular field due to surrounding molecules on the position of the 
energy level. The distance between any molecule and its neighbours may 
vary in the liquid due to either irregularity of arrangement of the 
molecules or motions of the molecules inside the liquid. The fact that even 
in the case of the solid state in which the arrangement of the molecules is 
regular the bands are broad shows that some sort of oscillatory motion of 
the molecules is responsible for the larger width of the bands and 
that such motions do not cease even at — i8o°C. This behaviour of 
this particular molecule is quite different from that other of para substituted 
benzene compounds containing chlorine as the substituent atoms (Swamy, 
1952)- The NH 2 group thus makes the solid behave as the liquid as far as 
oscillatory motion is concerned, and it does not favour formation of strong 
virtual bonds among neighbouring molecules, as observed in the case of 
disubstituted bezene compounds with chlorine as a substituent. 

Ortho toluidinc b eliaves in a manner quite different from that of p- 
toluidine as far as changes in the band system w'ith liquefaction of the vapours 
are concerned. It can be seen from Table I that although this molecule in 
the vapour state yields sharp bauds which can be assigned to progressions 
of certain vibration frequencies, the liquid state yields a single broad band 
in a region shifted tawards longer wavelengths by about 1300 cm' 1 . This 
shift is much larger than that observed in the case of ^-toluidine. , This 
- broad band does not shift appreciably when the liquid is solidified and 
copied to — i8o°C. This fact supports the view that the bands shift towards 
longer, wavelengths -with liquefaction of the vapour, because there cannot 
be v -> o transitions of large frequencies at — i8o°C. The spectrum due 
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to the vapour, when analysed, yields progressions of frequencies 91, 220, 
281, 468, 732 and 1160 cm*" 1 . 

In the case of the meta compound the spectrum due to the vapour seems 
to yield two series separated by 60 cm" 1 . The progressions of frequencies 
Ii8, 205, 274, 743 and 1178 cm" 1 have been observed. The spectrum seems 
to shift by about 1200 cm" -1 towards longer wavelengths with liquefaction 
of the vapour and the bands become broader an<J merge into one another. 
When the liquid is solidified and cooled to - i8<V'<jp the broad band splits up 
into two narrower but still broad bands with peak* at 34084 and 34834 cm*" 1 
giving a frequency difference ot 750 cm” 1 vvhicSi may conespoml to the 
frequency 743 cm" 1 observed in the case of the liquid. 

It is thus evident that in all these three molecules the bands broaden out 
owing to the fluctuating intermolecular field in thte liquid state and the width 
persists even in the case of the solid at — t8ci*C. This fact shows that it 
is the nature of the presence of NII 2 group and not its position with 
respect to the CH 3 group in the molecule that is icsponsible for the 
persistence oi the angular oscillations of the molecules even at — iSo°C. 

Investigations with other molecules are in progiess. 
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CALCULATION OF PARTIAL MOLAR VOLUME AT 
INFINITE DILUTION FROM REFRACTIVE INDEX 
MEASUREMENTS 

By ANII, K. SIRCAR and SANTI R. PALIT 
Indian Association for thk Cultivation of Science, Calcutta 32 

(Received for publication, November , 12 , 1953) 

ABSTRACT. A method for the determination of partial specific volume ( v^)q or the 

partial molar volume ( F 2 )o infinite dilution from refraction measurements only without 
any solution density measurements at all, has been proposed. 

The equation, ( * | V\R^6M^yq w (*n has been deduced and calculated 

values of ( F 2 ) 0 obtained from this equation with a few recent data of n D and d are found 
to be in quite good agreement with observed ones. 

The partial molar volume of a solute at infinite dilution is an important 
physicochemical quantity and is generally measured by accurate density 
measurements of a series of solutions of graded dilution. We propose to 
demonstrate that it is possible to make a fairly correct estimate of the partial 

specific volume* (r 3 )„ or the partial molar volume, ( P 3 ) 0 at infinite dilution 
of a solute by refractive index measurements only without making density 
measurements at all. 


T H E O R ,Y 

By definition of specific refraction constant, we have 

w a — i 1 n a — i 

r = . - = — r- — . v 

n +2 a n +2 


(1) 


where » is the refractive index and d is the density and v is the specific 
volume of the solution. We shall use the subscript i for solvent, 2 for the 
solute, none for a solution and zero for infinite dilution. We shall use 
small letters for specific terms and capital letters for molar terms. 

Differentiating equation (1) with respect to <*> 3 , the weight fraction of 
the solute, we obtain, 

9 n* 

-3” . ... (a) 

r, 8w a 3 (n^ + g)* 
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Now proceeding to infinite dilution, we obtain, 

8 r \ _ jr l ( Qv \ + - — ( 3) 

8<o a y 0 Th \ Sw’a J 0 («i a + 2)* 

Now, specific refraction is an extensive property like specific volume 
and so admits of treatment by the partial concept. This has already been 
hinted at by Guggenheim (1950)* We may, therefore, regard partial specific 
refraction of a solute at infinite dilution as a characteristic property of the 
solute-solvent system independent of any concentration effect, and this 
quantity according to the fundamental equation of partial quantities must 
satisfy the following equation : 

oor 2 = (r 2 ) 0 -r, + •" ( 4) 


Inserting the value 



from equation (3) we obtain 



(5) 


Now, v being an extensive property, the following equation for 
quantity will also be applicable in this case. 


partial 


... ( 6 ) 


Combining equations (5) and (6) we obtain 


00 r 2 


r t ^ 2 )o , bvjji 

v, ( Ml 2 + 2) 2 ' 


8k 

8 i» 2 


0 


(7) 


Writing y v for ( ^ 'j and multiplying the above equation throughout by 
\ l>>: / 0 

the molecular weight of the solute, we have 

x M 2 r,^ 2 ) u ( R) 

(i? 2 )o=cor 2 *M a = — “ + lV +2 )~ W 


This is our basic equation. We now take it as a postulate that the value 
of partial molar refraction of a solute at infinite dilution remains constant 
from solvent to solvent, and in most cases is equal to that of the pure solute, 

i.e. (R»)t — Ra particularly when the solute is an organic liquid. The above 
assumption of constancy of refraction is only approximate and is justified 
on experimental grounds wherever data (Weissberger, 1949) are available. 
On theoretical grounds we shall also expect such a behaviour because it is 
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hardly likely that weak solvation forces of the Van der Waals type .would 
affect the electronic polarisation. Hence equations (7) and (8) are recast in 
the following form for convenience in calculation. 


(^2)0= — — 6y 0 n| 



( 9 ) 


(V*h 


ji? 2 - 6 M 2 y u n 



(xo) 


It would be observed that equation (jo) contains constants .for pure 
solute and solvent only and none for the solution except y 0 to determine 
which refractive index measurements of dilute solution are necessary. 
Hence, if R 2 is known from bond refraction table or is calculated from n 
and d of the pure liquid with the help of equation (1), or is calculated from 
equation (8) in one solvent, we can immediately calculate with the help of 


equation (10) the value of (r 2 )<, or (K a ) 0 in any solvent by refraction measure- 
ments in solution. Thus, if the above assumptions are correct, we have 
arrived at a method of calculating partial molar volume of a solute at 
infinite dilution from refractive index measurements of its solutions ; at 
least, when its refraction is known in one solvent, we can calculate its partial 
molar volume in different other solvents from only refractive index 
measurements of its dilute solutions. 


CALCULATIONS 

In order to illustrate the degree of accuracy attainable with equation 
(10) we have made calculations with a few recent data (Few and Smith, 
1949a, 1949b ; Barclay ei a/, 1950) where both refractive index and density 
of dilute solutions are available so that we can not only make a check of 

how far the calculated values of fr 2 ) 0 agree with the experimentally observed 
ones but also can test how far our basic postulate of constency of refraction 
is experimentally justified in these cases. This has been done in Tables 1 and 

II. In applying equations (y) and (xo) we calculated ( -jp v ] and ( 

\ o<*> 2 y o \ oa>2 

by the statistical least square slope of v versus o> 2 , and n versus co a 
respectively assuming the points to be linear. It should be pointedout that 
the refractive index data on which calculations have been made are not of a 
high order of accuracy as has been evidenced from the high scatter of the 
points about the least square line. It seems that for our purpose it wovjld 
be more convenient to have differential refractive index values aa are easily 
obtainable to an extremly high degree of accuracy with a Raleigh iqter- 
ferqmeter and such data would provide a real test of equations (9) and (10) , > 
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Table I 

Refractivity in different solvents 


Solute 


EjinJC.C , 



Pure liquid 

, 

1 la benzene 

i • 

In dioxane 

Aniline 

1 

1 

i 

3°*55 

7 ■ ; 

3071 

3°-9 

Metbylanihne 

1 

1 

! 

! 

35-6^ 

1 

| 

, 35 6 S 

1 ' 

36.12 j 

1 34 - 7 « ; 

Dimethylaniline 


40.85 

| f 41.28 

41.19 

ti-Butylamine 


24 01 

j < 24.45 

• 24-40 

Triethylamme 


j 33 

1 337 ° 

\ 



It would be observed that the molar refraction has almost the same 
value in the two solvents, benzene and dioxane and this value is practically 
equal to that of the pure liquid. 

Tabus TI 

Partial molar volume (c. c. 2o°C) at infinite dilution 



! 

i In benzene 

In dioxane 

Solute 

1 

__ . 

— 



1 Calc * j 

1 ! 

Observed 4 * 

Calc + 

1 Observed ** 

Aniline 

I 9004 

ei.s 5 

88.16 

i “ 

89.93 

! 

Methylaniliue 

107.52 

107 32 

106 27 

! 107.50 

Dimethy lan i line 

i 

, 124-68 

126.14 

1 26 09 

i 127.44 

1 

n-Butylamiue 

99*°3 

TOO. 51 

99 *7 

! 100.15 

i 

Trietbylamine 

! 139 30 

138 74 




* Calculated according to ecjn (10) using R% value for the pure liquid. 

** Calculated from solution density data by standard formula. 

It would be observed from Table II that there is a fair degree of agree- 
ment between the calculated and the observed values. Whether the slight 
discrepancy between the calculated and observed values is due to weakness 
of the theory or to the inaccurate character of the experimental data on 
refractive index as already commented upon has to remain an open question 
until more precise data from work, which has been already undertaken 
in this laboratory using interferometer, are available. 

It is suggested that the proposed method would be helpful in estima- 
ting the partial specific volume of proteins and similar compounds (Cohn 
and Edsall, 1943)* 
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A STUDY OF D. C. RESISTIVITY OF CALCUTTA SOIL 

By S. P. BHATTACHARYYA and P. C. MAHANTI 
Department op Applied Physics, Calcutta University 

(Received for publication, November 18, 1953) 

ABSTRACT. The paper reports the results of study of d c. resistivity of soil in 
and around the city of Calcutta and of its variation with'time, temperature ami humidity 
The effect of endosmosis has also beeen ascertained. 


INTRODUCTION 

It is well known that for the protection and safety of electrical machines 
and equipment as well as of human and animal lives, all electrical power 
systems are earthed. Even to the earliest part of the present century, the 
resistivity of the earth was commonly believed to be so low as to make the 
potential at any point on the earth’s surface practically zero. But recent 
researches have shown it otherwise. One may, therefore, apprehend that 
whenever a fault in a power system occurs, it may lead to dangerous conse- 
quences if the resistance of the path to the fault current through the earth 
is not sufficiently low. This resistance is considered to consist of three 
separate parts, viz., (1) the resistance of the connecting link to the earth 
connection and of the material of the earth connection itself, (2) the contact 
resistance between the metal of the earth connection and the surrounding 
earth and (3) the resistance of the earth surrounding the earth connection. 
Of these the first is easily calculated from a knowledge of the dimensions 
and material of the link aud the earth electrode but for evaluating the other 

two factors, a knowledge of resistivity of earth at the locality in question 

is essential. It may be noted that the resistivity of soil at any locality 
depends not only on its chemical composition aud physical structure but also 
on its moisture content and temperature as well as on the nature of current, 
direct or alternating, passing through it and also on the frequency of current 
when alternating. Furthermore, endosmosis and polarisation may set m 
and influence the value of its resistivity when direct current flows through 

Almost in all progressive countries elaborate investigations have been 
carried out for the determination of resistivities, both d.c. and a.c., rad 
contact resistance between the earth and earth electrodes. The a.c. resist- 
ivitv hss been measured not only at power frequencies but also at audio 
Mid radio frequencies. Important contributions in this direction have been 
made by several scientists in U.K. Higgs (1930) made investigations on 
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d.c. and a.c. resistivities of soil at power frequency and observed changes 
in their values due to polarisation and endosmosis. Ratcliff and White 
Strutt (1930) and Collard (1932) measured the conductivity of soil 
not only at power frequency but also at telephonic and radio frequencies. 
Smith-Rose (1934), however, made A comprehensive . study of the electrical 
properties of soil with alternating cuirent at various frequencies. He found 
the electrical conductivity of the soil to increase rapidly with moisture- 
content but slowly with frequency. Measurements of conductivity of soil 
at medium frequencies were also made by Dellinger (1933) in America and 
by Cheery (1930) in Australia. In India, the resistivity of soil has so far 
been measured at radio frequencies only, notably by Joshi (1938), Rahaman 
and Mulii (1944) and by Khastgir, Roy and Banerjee (19.46). Joshi studied 
also the effect of temperature on the electrical constants of soil. He found 
the temperature co-efficient of its clectiical conductivity to be positive 
having a value of 2.0 percent per degree centigrade at 20°C and to increase 
with frequency. But no attempt has yet been made to ascertain the value 
of resistivity, d.c. or a.c., of Indian soil which may throw further light 
on the system of earthing to be satisfactoi ily adopted in our country by the 
power engineers. It is, therefore, proposed to carry out a systematic in- 
vestigation of resistivity of soil of different parts of India. In the present 
paper are reported the results of measurement of d. c. resistivity oi soil in 
and around the city of Calcutta. 

Samples of soil used in this investigation have been taken from Sinthee 
in the north, from Bcliaghata in the east, from Tollygunge in tile south and 
from Dockyard in the west of the city of Calcutta. Samples have also 
been taken from the compound of the University College of Science and 
Technology at 92, Upper Circular Road to respresent the nature of soil 
of the central part of the city. As Calcutta is situated on the bank 
of the Ganges, a sample from the river silt has also been included in the 
invetigatiou^ 

Experimental cylinder ; 

The - experimental cylinder, as shown in figure 1, is a porcelain tube of 
length 25.4 cm., of thickness 1.6 cm. and of internal diameter 10 cm. 
The cylinder is fitted with adjustable brass electrodes. It may be mentioned 
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here that attempts were first made to use a glass cylinder, but it proved 
futile as even the best quality of glass locally available was found unsitable 
to stand the effects of unequal heating during the experiment. 

Preparation of the sample for test : 

Kach sample of soil is first dried as completely as possible in an elec- 
trically heated oven, the temperature of which never exceeds io 5°C. It 
is found that if dried sample is stored in a dry place for several days it does 
not absorb more than one precent of moisture. It is then powdered and 
packed tightly into the experimental cylinder. To prepare a sample with a 
desired value of moisture content a given quantity of the dried sample w'as 
taken and a calculated amount of w r ater was intimately mixed with it. 

Exp a imental arrangement. 

The experimental arrangement for measuring the resistance is shown 
in figure 2. The well known ammeter- voltmeter method was used. All the 
voltmeters and ammeters used in the measurement w r ere calibrated with the 
help of a potentiometer in conjunction with a Weston standard cadmium 
cell and standard resistances. The d.c. voltage was taken directly from 
220 volt d. c. supply mains and with the help of a potential divider, the 
voltage across the expel imental cylinder was maintained at a nominal value 
of 120 volts (true value=i24V) throughout the experiment. 

D.C 


Fig. 2 

Determination of the percentage of moisture content: 

The moisture content of the soil was found out from the difference in 
weight of the moist soil and diied soil. A quantity of soil under test was 
taken in a weighing bottle and weighed. It was then dried in a muffle 
furnace maintained at a temperature between ioo° — 105 C. and weighed 
again until its weight was found constant. The difference in weight gave 
the amount of moisture content in the sample and the percentage of 
moisture could then be easily calculated. 

1832P— 12 
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EXPERIMENTAL RESULTS 


D. C. Resistivity : 

The data of d.c. resistivity of different samples of soil are given in 
Table I. To obtain these data, measurements were made at a room tempera- 
ture of 30°C, each sample having a moisture content of 15 per cent. 

Table I 


Soil taken from 


D. O. Resistivities in ohm-ctn. 


North (Sinthee) 

1450 

Hast (Beliaghata) 

32.SO 

South (Tollygunge) 

1400 

West (Pockyaid) 

> 4 i 5 

Central (Science College) 

2850 

Silt (Ganges) 

1365 


It is seen from the table that the value of d. c. resistivity of each of the 
samples of soil taken from the northern, southern and western parts of 
Calcutta which are nearer to the Ganges is nearly equal to that of the sample 
taken from the Ganges silt, while it differs considerably in the case of the 
sample taken from the central and eastern parts of the city, which are away 
from the river. The sample of soil taken from Beliaghata, which is farthest 
from the river on the eastern part of the city has the highest value of 
resistivity. 


Table II 

Sample of soil taken from the central part of the city. Percentage of 

moisture content= 16.2 


Time in 
minutes 

Ammeter 
reading 
(m amp.) 

Temp. 

oc 

d. c. 

resistivitv 
in ohm -cm 

Time in 
minutes 

Ammeter 
reading 
(m amp ) 

Temp. 

•e. 

d. c. 

resistivity 
in ohm-cm. 

0 

96.5 

311 

2469 

i8o 

56.2 

41.7 

4*38 

10 

106.0 

36.2 

2248 

360 

26.8 

34-5 

8174 

30 

117.0 

42-5 

2079 

540 

20.8 

. 33-4 

11450 

45 

118.5 

46.0 

2012 

720 

x6.8 

32-7 

14a *0 

66 

118.5 

48.0 

20X2 

1500 

9 2 

3 < 5 

a Steo 

90 

110.5 

49-5 

2152 

1620 

9.2 

3 i .5 

a 5890 

120 

86.0 

47'4 

2771 



! 

_ . 
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Table III 


Sample of soil taken from the southern part of the city. Percentage of 

moisture content = 15.4 


Time in 
minutes 

Ammeter 
reading 
(m amp.) 

Temp. 

°C. 

d. c. 

resistivity 
in ohm -cm. 

Time in 
minutes | 

} 

Ammeter 
reading 
(In amp.) 

Temp, 

; °c. 

d. c. 

resistivity 
in ohm-cm. 

0 



F 

j i8n 

255 

54.7 

447 

4808 

10 

I5I-7 

3 8 - 1 

1737 

315 

36.9 

38.7 

7125 

20 

156-7 

42.8 

j 1678 

375 

2Q.2 

36.0 

9007 

a 5 

158 * 

44-5 

1663 

435 

19-3 

34-5 

13630 

30 

158-2 

45-7 

1663 

495 

18.3 

33-8 

M 370 

60 

154.2 

5 i -4 

i 7°5 

| 

1380 

12.0 

32.Q 

21920 

135 

126.8 j 

1 

55*1 j 

1 

2074 

1500 

! 12.0 

32.5 

21920 

195 

100.5 

5 i -9 

2617 

1620 

12.0 

J 

32-5 

21920 


Table IV 

Sample of soil taken from the Ganges silt. Percentage of moisture 

content = 1 2. 1 


Time in 
miimites 

Am meter 
reading 
(111 amp ) 

Temp. 

°C 

1 d.c. 

resistivity 
in ohm-cm 

Time iu J 

minutes | 

1 

Ammeter 
reading 
(m amp.) 

Temp. 

«C 

d, c. 

resistivity 
in ohm-cm. 

0 

125.0 

30.0 

1905 

120 

68 6 

I 

1 42.6 

I j 

1 

3473 

10 

137*5 

34.2 

[ 1733 

1 So 

52.7 

1 ,, 1 

i 37.6 

4522 

20 

147.2 

39-7 

i 1617 

240 1 

41.8 

! 3 S-o 

1 ! 

5699 

30 

154-2 

43 -i 

! 

1545 

390 : 

31-2 

32.7 

7645 

55 

165-0 

48.8 

1443 

510 ! 

26.5 

32.4 

8989 

60 

165.0 

49.6 

t 1443 

1290 j 

1 

15-4 

3 r -7 

12280 

70 

148.7 

50.9 

1603 

1470 

IS 4 

31*7 j 

i 

12280 

90 

91.0 

47*8 

2619 

1620 | 

* 5-4 ' 

3 i -7 ; 

12280 


Time- current characteristics : 

A steady d.c. voltage was applied across a sample of soil and the 
readings of ammeter at suitable intervals noted until the current was found 
to attain a constant value. Along with each ammeter reading the tem- 
perature of the test sample was also recorded with the help of a sensitive 
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thermometer introduced into it through a hole along the axis of the cylinder. 
Such observations were made on the samples of soil taken from the central 
and southern parts of the city as well as from the Ganges silt. These data 
are given in Tables II, III and IV which also include the corresponding values 
of d.e. resistivity of the sample. The results are also shown graphically in 
figures 3, 4 and 5. 
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Fig. 3 



Fig. 4 
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Fig. 5 

It may be noted that as one would expect the time-temperature curves 
are similar in nature to the time-current characteristic curves. It will be 
seen further that for each sample of soil, the current at first increases, 
reaches a maximum and then decreases to a minimum value. Such a 
behaviour may be explained by assuming the soil to consist of many 
electrolytic salts in its composition. 

The current passing through the sample increases its temperature. 
This increase of temperature decreases the resistance of the soil thereby 
increasing the magnitude of the current flowing through it. This increase 
of current further increases the temperature. Thus the current increases 
with time. This state of affair would have continued for a long time had 
there been no polarisation and endosmosis effects in the soil. The last two 
effects tend, however, to decrease the current. Thus the value of the 
resultant current depends on the relative magnitude of these effects. One 
may, theiefore, be led to infer that at first the heating effect but finally the 
effect of endosmosis becomes predominant. 

Effect of endosmosis : 

It is well known that the process of preferential movement of moisture 
contained in a body from one part to another is called endosmosis. It is, 
therefore, of interest to study how endosmosis affects the resistivity and 
hence the current distribution and the voltage drop in the body of the soil 

when subjected to a constant d.c. voltage. 

A sample of soil taken from the Ganges slit, having a moisture 

content of x8 per. cent, was taken in the experimental cylinder. The soil 
was divided approximately into three equal parts by two perforated xinc 







623 


Study of D. C. Resistivity of Calcutta Soil 

electrodes. A constant d. c. voltage was applied across the outer electrodes 
and the current allowed to flow continuously* The voltage drop across 
each section was noted. For this purpose it was necessary to introduce 
one low range voltmeter (o — 75V) and a selector switch into the previous 
arrangement. The experimental arrangement is given in figure 6. At the 
end of the experiment the percentage of moisture content of each section 
was found out in the usual way. 

The percentage of moisture content of the section adjacent to the 
negative electrode was the highest and that t# the positive electiode the 
lowest, being 22 and 9.5 respectively. Th4 middle section showed a 
moisture content of 17.5%* Curves showing the variations of voltage drop 
across each section with time are given in figure f. 

From the curves it is seen that the potential drop across the soil section 
adjacent to the positive electrode increases while that in each of the other 
two sections decreases with time. It will be further seen that the section 
adjacent to the negative electrode has the lowest voltage drop. Such a 
variation of voltage drop across the different sections with time may be 
attributed to the fact that since a constant valla ge is applied across the body 
of the soil, it is the movement of moisture from one section to the other 
with time in tbe direction of the current flow that produces this variation. 
Similar observations have previously been made by Higgs (1930). I he 
nature of the curves also reveals the direction of the movement of moisture 
amongst different sections of the soil when carrying current. 

Effect of moisture : 

Samples of soil from a particular locality and having different values of 
moisture content were taken in the experimental cylinder and their d.c. 
resistivity calculated from the readings of the voltmeter and the ammeter. 
The data of d. c. resistivity and conductivity of a soil with different values 
of moisture content are given in Tables V, VI and VII and shown graphically 
in figure 8. 

It will be seen from the graphs that with the increasing value of 
moisture content of a soil, its d.c. resistivity decreases or its coductivity 
increases. This may be explained by assuming the dry soil to contain 
many air packets, so that with increasing moisture content, more and 
more air packets are reduced thereby diminishing the resistivity of the soil. 
On tbe other hand, if the soil contains electrolytic salts, one would expect its 
resistivity to increase with increasing moisture content. The observed 
decrease of resistivity with moisture content may, therefore, be attributed 

to the superposition of these two effects. 

It will be further seen that the rate of decrease of resistivity (or increase 
of conductivity) at first increases and then decreases with increasing value 
of moisture content. This shows that the conductivity of a ?oil approaches 
M jsaturation value after a certain value of its moisture content. This pheno- 
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Tabi,e V 

Sample of soil taken from the central part of the city. Temp. a= 30°C 


Percent, moist, content 

I). 

C. 

Resistivity in ohm -cm. 

Conductivity mho-cm x 10' 8 

4-7 

: 

28540 

35 -° 

6-5 

IOOJO 

09 9 

8.9 

544 * 

183 8 

13.4 

3 ° 7 ° 

3 * 5-8 

16.2 

25 «« 

387.6 

20.7 

1481 

675.0 


Table VI 


[ Sample of soil taken from the southern part of the city. Temp, = 30°C. 

Percent, moist, content 

D. C 

Resistivity in ohm -cm. 

J Conductivity mho-cm X io” 8 

1.6 

j 39700 

1 

7.2 

5.3 

7725 

129.4 

9.0 

3485 

286.9 

13 0 

1811 

553 1 

* 5*7 

1334 

7498 

21.0 

. 

1287 

776.9 


Table VII 


Sample of soil taken fiom the Ganges silt. 

Temp. = 30°C 


I). c. 

Percent, moist, content 






Resistivity in ohm -cm. 

Conductivity mho-cm x io‘ 8 

3-7 

28990 1 

34*5 

7-7 

4919 

203.2 

22.1 

1905 

524-7 

16.8 

”53 

883.9 

19 5 

914 

1094.0 
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menon was observed for the samples of soil taken from the Ganges silt and 
the sourthern part of the city but not from the central part for even a 
moisture content of 20 per. cent., the maximum limit used in the present 
work. This shows that the saturation point is not the same for all kinds of 
soil but it is dependent on the composition on the soil. 

6—1832 — 12 
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Effect of temperature : 

The experimental cylinder was wound with insulated nichrome wire and 
covered with an asbestos sheet to minimise heat losses. By regulating the 
heating cnrrenl the temperature of the test soil in the cylinder was kept at 
desired values and could be maintained constant for at least half’an hour. 
From the readings of the ammeter and voltmeter, the d.c. resistivity was 
determined at each temperature. Tables VIII, IX and X give the data of 
d.c. resistivities and conductivities for three different soils. 


Table VIII 

Sample of soil taken from the central part of the city. 

Moisture content = 20.7% 


Temperature 
in °C. 

Resistivity in 

ohm -cm. 

Conductivity 
mho-eni xio'® 

3°-4 

*305 

766.5 

43 -o 

1049 

953-0 

59-5 

811 

1 * 33-0 

76.7 

653 

1531-0 

82.1 

631 

1385-0 


Table IX 

Stnple of soil taken from the southern part of the city. 
Moisture content = 12.8% 


Temperature 
in «C 

Resistivity in 
ohm-cm. 

Conductivity 
mho-cm x io~ fl 

31-4 

1988 

503-9 

39 -o 

1677 

596.4 

48.2 

1368 

73 i*i 

60.2 

1165 

858. 2 

68.0 

1085 

931-7 

74.0 

X015 

983.4 

80.0 

939 

1035.0 
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Table X 

Ganges silt. Moisture content = *6. 9% 


Temperature 
in »C. 

Resistivity in 
obni-cm. 

mm 

Conductivity 
* mho-cni * 10" a 

31.8 

959 

1042 

41-5 

81 1 

1233 

49.8 

721 

Co 

00 

-vl 

60.7 

639 

1615 

73*7 

536 

SC? 

CO 

CM 

81.0 

493 

2029 


Figure 9 shows the variation of d.c. resistivity with temperature. It 
will be seen that for each sample of soil the resistivity decreases with 
increase of temperaiure. This leads one to infer that the conduction in 
moist soil is predominate electrolytic in nature as it is well known that the 
resistivity of an electrolyte decreases with increase of temperature. Conduct- 
tivity-temperature curves are drawn to find out the value of temperature 
co-efficient of conductivity. From these curves it is seen that the increase 
of conductivity with temperature follows a linear law and that within the 
observed range of temperature, the co-efficient of conductivity varies from 
2 to 24 per-cent per degree centigrade. 
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ABSTRACT. I11 the original Debye Hiickel theory the Poisson equation has been 
evaluated on the assumption that 


I tvi' 

e~lcT 


kT 


i.e. 


kT 


< < 1 


In this paper it has been shown that the value of with which the actual thermodynamic 

calculations have been made in the theory, is generally > 1. Thus at least in this respect 
the original calculations of Debye and Hiickel are inconsistent. Incidentally, a similar 
test applied to the theory of Bagehi shows that this theory is generally consistent in this 
respect. 

Ill the theory of strong electrolytes due to Debye and Huckel, (1923) 
the interionic field is assumed to satisfy the Poisson equation : 


where /> is calculated by applying Boltzmann’s distribution formula. In 
the general case, when the solution contains ions of different species 
1,2, 7, j s. the above reduces to : 


A 2 A 1 !*n } Zje- z > K ' 

DkT S J 

j = l 

where, 

ss electrostatic potential round any central ion of the itb type 


... (1) 


m and .?< arc the number density and valence, respectively of the 
i t . h sort of ions in solution, e, D, k, and T have thier usual significance. 

To facilitate the integration of the above partial differential equation (i), 

5 n iZie~ Z ' K ' has been replaced by - 2 (»,z/). A, on the assumption that 
jm 1 J J J * 1 

Zj\ t I ••• ( 2 ^ 

The expression then obtained for A , as a function of the distance r from the 
central ion of charge Z t is : 

* Communicated by Prof. S. N, Bose. 
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where. 


Zfe 2 e ^ 1 ®« 

DkT(i + Ka t )‘ ~ 


( 3 ) 


K* -1^1 2 n,Z/ and 

DfeT /-i J J 

a^s^the average value of the distance upto which the surrounding ions 
can approach the central ion. 

The additional free energy of the ions due to the interionic field which 
only is of real significance in the theory, is calculated from consideration of 
an ideal process of charging-discharging of thtr ions, or by other ther- 
modynamic methods. However, it is significant that all these methods utilise 
only the value of the potential at the surfaces of the ions (really, the surfaces of 
the f< Deckungsspharen” of ions). * 

Now if contrary to the condition ( 2 ), it is found that ZyA, ^ t, then 
the higher powers of ZyA* in the exponential series become significantly 
large compared to ZyA f , and cannot be neglected. Since, moreover, only 
the value of A ^ at i =a< is important, it is obvious that the consistency of 
the theory demands that Zy(A|>=a? < i 

This simple requirement of the theory has been tested here (Table I> 
by calculating Z,(A,)a t from equation (3) for different ions, at different 
concentrations (molar) and at 25 °C. The values of a used in these calcula- 
tions are those which have been found to give the closest fit between 
theoretical and observed values of activity coefficients, fHarned and 
Owen, 1950), and of osmotic coefficients, (Falkenliagen, 1934). Since 
a*, is assumed to be equal to a-, A + = A_ in the case of the uni-univalent 
electrolytes. In the case of unsymmetrical electrolytes, where Z^Z-, 
the tabulated values of ZyA* correspond to the lower value of Zy for obvious 
reasons. 


Tabi.r I 


a(A) 

.OO itfl 

.Ol til 

,I«I 


(a) 4 02 

1 704 

1 568 

1.252 

KaCl 

(f» 4-4 

1.586 

1.417 

1 112 


(a) 3.76 

1.827 

1.689 

3.364 

KC 1 





(6) 4.10 

I.669 

i 533 

z. 22 

HC1 

(6) 5-6 

I 204 

j 1 ,08 

805* 

K + 


2.528 

| 

2.30 

1*787 

k 2 so 4 

(a) 2.69 

S056 

4.600 

3*574 

S0 4 ~ 


La +++ 


3.822 

3.076 

1.901 

La(NO a ) 3 

NO.*- 

(a) 4 97 

1.274 

1.025 

. 634 * 
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Table I shows that expept in two cases (marked with asterisk), 
the condition for the validity of the above approximation is not satisfied, 
And that it is especially so in the case of polyvalent ions or ions of small 
radius. This latter fact has already been mentioned by Muller (1997). 
Further A is seen to increase with dilution, which is also evident from 
equation (3), Thus the approximation becomes less justified in dilute 
solutions. 

Gronwall (192S) has pointed out some other inconsistencies of the Debye 
Huckel theory, but has failed to notice the above simple one. 

Recently Bagchi 1 1950) has obtained a better fit between the calculated 
and- the ' experimental values of activity coefficients by replacing Boltzmann’s 
distribution in the Debye Hiickel theory, by a new distribution fuctiou 
which has subsequently been supported theoretically. (Dutta and Bagchi, 

• 1950 ; Dutta, 1947) • The Poisson equation in this case reduces to (for 
a single electrolyte in solution, giving two sorts of ions) : 


V a A, 


— 4 7re 7 / 

DkT * Z+eZ+K + Z. 

L 


Z_e - Z- A + + Z + 


n+ + «_ ... ( 4 ) 


where, potential round the central positive ion, 

A+ = *f * , and n+, Z+, Z_, D, k and T have the same significance as in 

kT 


Debye’s theory. , 

Bagchi has solved the above equation (4) by approximating in the 
following way : 

(i) for A + =*o, equation (4) reduces to : 

V 2 A + =K 2 A* (5a) 


where, 

with the solution : 


K 2 = 


_4?r6 2 Z T Z_(Z+ 2 + Z_ 2 ) 


DkT (Z + + Z_l J 


(n+ + n_) 


A +( i) = B ... (5) 

where £=Kr 

and (it) for A + =*cc , the equation (4) reduces to : 

V*A + = K 2 >n + 

where, 

(Z* + Z_) 2 


m+ = 


* Z + (Z + + Z. 2 ) 


with the solution ’• 


£* + c + 
6 


»] 


( 6 a) 


t + (8) — m+ 


( 6 ) 
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The constants B, C and H have been determined by fiittng the two solutions 
(5) and '6) together on the surface A + =m+ so that (5) should hold for A. < 
and (6) for A. > m*. 

The electrical free energy has been calculated after Debye ; thus, 
here also, only the surface potential of the central ion is significant. Since 
however, Bagchi has used only the second solution in calculating the free 
energy, it is evident that we should have (A<<2>)r=*» > >»< ; i — + , — . 

This has been tested in Table II, by calculating 1A <(2 ) )<j. by means 
of equation ( 6 ) for different ions, at different concentrations (molar) and at 
25°C. The values of a< used in the calculation!! are the same as those used 
by Bagchi for calculating the activity coefficients. The univalent ions are 
supposed to be derived from uni-univalent electrolytes. The values of m , 
are also included for corn par ision. ! 


Table II 



a, (X) 


.01 tit 

1 VI 

4 m 


*■33 

2 

5.204 

4.146 

3367 

K + 






2.76 

»* 

2.428 

1.587 • 

1.244 * 

Rb + 

1.48 

rt 

4.66 

3.62 

2.88 

Cs + 

1.67 

i) 

4 - 1*3 

3-097 

2.411 

ci- 

1 .81 

>1 

3-78 

2.787 

2.141 

Br- 

1.96 

»* 

3481 

2.505 

1.906 # 

I- 

2.19 

99 

3.10 

2.16 

1.626 * 

Na + , 

3.2 

99 

2.071 

1.303 * 

1.03 * 

Na + f H + ,C1~ 

5 


I.a8 * 

.83 * 

.828* 

Ba ++ 

131 

•9 

XO.405 

8.019 

6.4 

BaCl, 


3-665 


x.56 * 

cr 

1.81 

1.8 

2.239 

Lfa++ + 

1.06 

533 

19-33 

15-71 

13-03 

LaCl 3 





cr 

1*81 

1.6 

3-54 

1.83 

X. 2 * * 


From Table II it is clear that the assumption (A <(2) )« 4 > m, is 
justified in most cases, and that most of the cases where it does not hold 
(marked with an asterisk) are those where Bagchi has taken large artificial 
values for the ionic radii to get a closer fit between the calculated and the 
experimental values of activity coefficients. 

Thus it is clear that at least with respect to the consistency of method, 
as put forward in this note, the calculations of Bagchi are mot;e satisfactory 
than those of Debye and Hiickel. 
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